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FOREWORD _

Stepped-up strategic bombing of the Japanese economic
war potential, has created increased demands upon the
photographic interpreter for information concerning war
production industries. To assist photo interpreters in
the field in meeting these greater demands, a series of
Photo Industrial Handbooks is now wmm:u prepared de-
scribing the fundamentals of important war industries.
The following $tudy dealing with the copper, lead, and
zinc industries is the seventh handbook in the series.

Each Photo Industrial Study is designed primar-
ity to provide interpreters with the essential data
needed to identify industrial plants and their basic
process ing components. ~Secondarily, each study is
intended to supply some background data for the an-
alysis of plant construction, the assessment of
plant construction, the wwmmmwsm:n,%* bomd dam-
age and the post-raid analysis of ‘plant repair

To implement the presentation om;mﬁmmu*=:amam=wmum
the main divisionsof the Copper, teadand Zinc Industrial
Study have been sub-divided into sections dealing with
(a) processes and equipment used in"each stage of pro-
duction, (b) distinguishing features that will help
identify the plants in which the various processes take
place, (c) the construction and vulnerability to bombing
of important units within each type of plant.

petailed sections descrinbing plant processes and
equipment have been included because experience has
proved that distinguishing features above are insuffi-
cient for complete and cansistent identification of
industries. The ideal layout of a modernized metal-
lurgical olant will reflect the logic of the flow sheet.
Hence, a familiarity with plant processes will sometimes
enable the photo interpreter-to identify the important

L

buildings that channel this flow, even when their ex-
terior design is of common industrial type.

Section V describes briefly the chamber and contact
process of producing sulphuric acid. This description
is presented merely to show the relationship of sul-
phuric acid manufacture to copper, lead, and zinc
smelting. It is not intended to be a complete study of
the sulphuric acid industry.

Sections of the study dealing with plant vulnera-
bility are designed to acquaint the photo interpreter
with the key installations present at each plant he
studies. This knowledge will aid him in placing the
proper emphasis upon the facts he reports. It is not
expected that the photo interpreter will be equipped to
draw conclusions from these facts such as estimating the
plant production loss or the time required for repairs.
Such conclusions are outside his province.

Similarly, it is not expected that all information
for the analysis of enemy war industries will come from
aerial photographs. Inpractice enemy plants are identi-
fied and analyzed by a combination of ground intelligence
and photo intelligence. O0Often photos of enemy plants
merely confirm data that is already known, and only in a
few isolated instances do they give all of the details
known.about a plant., Because of this natural and
necessary relation between aerial photographs and grounc
information, a ground intelligence section summarizing
the basic data now known about important Japanese
copper, lead, and zinc producing facilities has been
added at the end of the handbook.

Comments and critiscisms of this study and its
purposes are invited from photographic interpreters
engaged in operational work in industrial interpretation.
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INTRODUCTION

Metallic copper; lead, and zinc are obtained from
two sources (I} ores extracted from mines, and (2) scrap
gathered from fabricating plants and junk piles.* OQres
may pe defined generally, as mixtures of valuable and
waste migerals containing enough useful metal to make
exploitation profitable. Vvariable factors such as
technological improvements in process, physical character-
istics of the mineral depasit, (size, shape, grade -of
ore, by-products etc.) lavor costs, market prices, and
transportation rates determine whether or not exploita-
tion of an ore body will be profitaole.

In recant years, tachnological improvements have
outweiyhed other factors and have made possible the
working of ores in which the primary useful metal com-
prises a lower and lower percentage of the tatal deposit.
Thus, it is now economicaliy feasible to develap Tow-
grade copper ores that are only 0,8% copper, lead ores
that contain 3.5% lead, and zinc ores that are as low
as 3.74 zinc. This fact is igportant to remember, for
although high-grade ores can be mined with simple equip-
ment on a small scale, low grade ores must be mined on a
large scale and mechanically concentrated with elaborate
equipment.

Lead and zinc occur in clase association in nature
and are recovered almost exclusively from sulphide ores.
Cooper, although obtained from some important deposits
of native and oxidized ores is likewise taken primarily
from sulphides. . |In a sulphide ore, the prime metal
occurs with other elements as a compaund which must be
chemically changed before a pure product can be ex-
tracted. For the purpose of studying Japanese copper,
lead, and zinc production facilities, only the working
of sulnhide ores need be considered, because nearly all
of the important ore deposits in the Japanese Empire are
composad of low-yrade sulphides.

MINING METHODS

Mining methods fall roughly into two omwmmowmmm.
namely, underground mining and open-pit mining. In
actual practice lead and zinc deposits are worked en-
tirely by underground methods. Although some of the

*in countries which have been industrialized for some
time, scrap is the saurce of a large percentage of metal
production, but in Japan which has been industrialized
only recently and whose cconomy has been on a war foot-

.ing for over ten years, domestic supplies of scrap are

limited. Metallurgically, once scrap has entered the
stream of smelting and refining processes, it is treated
in much the same way as ores.

RESTRICTED

LEAD AND SILVER MINE WITH oOzomzqm>+oz

most important copper mines are open-pit developments, the
majority of copper operations are also underground. In
Japan, the only important mine known to employ open-pit
methods is the aged Kosaka development in northern Honshu.

Underground Mining: Access to underground mines is
gained either by vertical or inclined shafts or by
tunnels. Shaft entrances are used in flat country apd
at. mines where tunneling long distances would be too
expensive. Tunnel entrances are used in mountainous
country. Because Japanese mining regions are universally
rugged and because of the resultant saving in haisting
and draining costs, it is Tikely that tunnel entrances
predominate at Japanese mines.
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VERTICAL SHAFT COPPER MINE - MONTANA
C - HOIST HOUSE D - CHANGE HOUSE
E - CONCENTRATOR

A - HEAD FRAME
8 ~ ORE BIN

ADJACENT

A - HEAD FRAME
8 - CONCENTRATOR
¢ - HOIST HOUSE

D - ADMINISTRATION BULILDING
E -~ LUMBER YARD AND SAWMILL
F - SHOPS

MINING AND ORE DRESSING

MINING METHODS

VERTICAL SHAFT COPPER MINE - ARIZONA
A - HOIST HOUSE D -~ BOILER HQUSE
B - CHANGE HOUSE E - VENT SHAFT AND FAN HOUSE

C - HEAD FRAME AND ORE BIN F - WATER TANK AND COOLER

Open—pit Mining: Open-pit mining methods are em-
ployed to recover ores which exist near the earth's
surface. This type of mining consists of either "glory-
hole™ or "bench” operations.

"3lory~-holing® is actually a hybrid of open-pit and
underground methods, for although glory-holes show up as
scars on the earth's surface, the ore itself is removed
through tunnels or shafts.

COMBINATION GLORY HOLE AND BENCH MINE
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(7) Auxiliary Buildings.
(2) May include olacksmith and machine shops for
the repair of ore cars, drills, etc.; build-

ings housing water pumps, air compressors,

and ventilating fans (if needed); testing
houses for sampling ore; a saw mill; a change
house (locker room) for the miners; and a
power plant or transformer station.
(8) Waste Rock Dumps
(a) Tracks lead from mine entrance to dump.
(9) Open-Pit Mines
(a) Easily distinguished by excavation scars on
earth's surface.
(o) other mining features (auxiliary buildings

*

waste dumps, iteadframes etc.) often visible
near excavation.

A - HEAD FRAME

B - HOIST TOWER

C - ORE BINS

D - HOIST HOUSE
{0BSCURED)

- POWER HOUSE

- TIMBER STORES

- MACHINE SHoOP

- TRESTLE TO POWERHOUSE

T omm
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ORE DRESSING

Ores as they are taken from the mine consist of a
small percentage of valuable minerals mixed with a
large percentage of valueless waste or "gangue”. it is
the purpose of ore-dressing to increase the percentage
of valuable minerals by separating them from the gangue
which is then discarded. Recently developed mechanical
methods of ore-dressing have made such a separation
possible in ores of very low grade with the result that
mechanical methods are currently practiced in all the
copper, lead, and zinc producing countries of the world,

CRE DRESSiNG METHODS

Tne actual stages that an ore will g0 through
during dressing depend upon the minerals it contains and
upon the size and association of its individual grains.
At some mines the ore, before being sent to the mechani-
cal dressing mill, may go through a hand sorting opera-
tion in which high grade material is manually separated
on a belt conveyor from low-grade ore and waste. Ggener-
ally, however, the processes employed in o«mnﬂ_wwmwmzm
are mechanical and can be classed under two headings
(1) Srushing and grinding, during which the are is
oroken down inty its individual mineral particles, and
(2) Concentration during which the crushed particles
are separated into two or more fractions.

Crushing and Grinding: Crushing and grinding opera-

tions are subdivided into three stages: (i) Primary
crushing in gyratory or jaw crushers where the ore is
reduced to opieces roughly 6" in diameter, (2} Secondary

U
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NOTE

CRUSHER,
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MINING AND ORE DRESSING
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RESTRICTED

farling Disposal: Tailings from voth gravity and
flotation operations are sloughed off through launders
as waste. At some mills, launders discharge into
sprawling dumps or merely dump into adjacent bodies of
water, but at most plants, tailings are carefully con-
trolled () to recover the water presant, and (2) to
keep them from contaminating streams. At thesa mills,
launders lead to largs dewatering tanks (from 200'-307
in diameter) where the tailings are settled out and their

i s, T T S . R S I 1

TALLING DEWATERERS AND SETTLING POND AT
A LARGE CONCENTRATOR

Aater restored (by a pumping system) to head tanks abave
the concentrator. The settled sludge that remains is
sent through additional launders to settling pinds where
more water is recovered. At some settling ponds the

sludge builds up as a tremendous whitish deposit that
provides one of the best distinguishing features of the
concentrator,

HILLSIDE TAILING POND WITH CCNCENTRATOR
IN BACKGROUND )

RESTRICTED

In Japan dressing mills are generally located at the
headwaters of streams” that pass in their later stages
through agricultural Tand and rice paddies. To prevent
polution of these farming developments, Japanese laws
strictly requlate the discharge of tailings. The rugged
terrainin which most Jap mills are situated, however,
Vimits the area in which large regulated tailing ponds
can ove developed. Therefore, at many Jap mills tailings
are settled in large tanks which are subsequently dredged
of their thickened sand and slime by overhead cranes.
The dredgings are then sent by aerial tramway to ad-
jacent waste dumps.

TREATMENT OF MINE WATER AT COPPER MILLS

Much of the ground water pumped from wet copper
mines contains a worthwhile amount of copper in solution
«hich can be profitably recovered by a simple process
called cementation. Treatment of this water, although
not technically a part of copper ore dressing, is never-
theless often carried on at the mill site. The cementa-
tion process depends upon the fact that a metal can be
displaced from solution by a less noble element. Thus,
if metallic iron is added to a solution of coppér sul-
phate, the iron dissolves and metallic copoer is pre-
cipated out. In commercial use of cementation, iron is
loaded into tanks, -towers, or launders and the mine
water solution allowed to trickle slowly over its sur-
face. C(ement copper forms on the iron as a loosely ad-
herent granular deposit which can be dislodged oy shaking
or washing and then flushed into settling tanks. From
time to time settling tanks are excavated and the pre-
cipitate shipped to smelters for further treatment.

DISTINGUISHING FEATURES OF ORE DRESSING PLANTS

Summary of Features: To utilize the effect of
gravity, ore dressing mills are commonly located on the
side of a hill and as a result can be distinguished
generally by the stepped roaf-lines of their important
crusher and concentrator buildings. Next to these main
ouildings, the most easily recognizable features of
dressing operations are dewatering tanks and tailing
dumps. Transportation lines for carrying ore to and
from the mill are usually apparent leading to primary
crushing facilities and away from concentrate storage
sins. .

The geographic location of dressing plants is in-
fluenced by economic necessity which demands that the
plant oe as close to its mine as possible in order to
Vimit transportation costs. Locatian is similarly in-
fluenced by technical necessity which demands that the
concentratsr be near a steady supoly of water,

MINING AND ORE DRESSING

DISTINGUISHING FEATURES OF ORE DRESSING PLANTS

COPPER MINE AND CONCENTRATOR

There is no identification formula for distinguishing
dressing mills that treat copper ores from those that
treat lead, zinc, nickel, or even golid and siiver ores,
In fact a single concentrator will often process ores
which include several of these elements. S&enerally
s peaking, concentrators used exclusively for copper are
larger thar those used for other non-ferrous metals,
but sizes will vary tremendously with the extent of the
deposit being exploited and with the grade of the ore
produced. Actually, the only reliable way to determine
the metal orocessed by a concentrator is to determine
the metal produced at its adjacent smelter, if there is
one present.

DETAJL OF FEATURES

Crushing Facilities

(1) Crusher Buildings:

(a) Primary and secondary crushers may be housed
in two separate buildings or (more often) in
a single high, narrow structure stepped in
sections into a hillside;

(b) To utilize gravity, crushers areusually sited
at a higher elevation than other structures
at dressing plant

(c) Primary crusher buildings are distinguished
by conveyor or railroad that delivers mined
ore at their uphill ends.

(2) Storage Bins

(a) Distinguished by relative location to con-
centrator and crusher buildings.

(o) Commonly high narrow structures that are.
nothing more than roofed over silos.

(c) May be reinforced concrete bins built into
ground.

(d) May be part of crusher or concentrator
buildings (e.g. fine grinding 2ins are lo-
cated in high upper step of concentrator.)

1.05
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KEY TO ANNOTATED PHOTOGRAPHS (4} In Japan where tailings are sometimes dredged
A - PRIMARY CRUSHER M - FILTER SUILDING from settling tanks, identifying features may
8 - SECONDARY CRUSHER BIN N - FILTER PUMPS include settling tanks and their dredging crane,
C - SECONDARY CRUSHER 0 - COMCEMTRATE B|HS a waste dump, and towers for an aerial tram
D - FINE SRINDING BIN P - TAILING DEWATERERS operating petween tanks and dump.

E - REAGENT TANKS @ - TAILIMG LAYNDER Auxiliary Suildings

F - WATER TANKS R - TAILING POND (1) Include generally a power house or sub-station
G - SRINDING MILL B S - SHops a change house, (locker room), a no:nm:»«mﬁ.m
H - FLOTATION CELLS T - SUB-STAT1ON sampling E_:ar.__a carpenter amn.ipmm:n electric
| - DIFFERENTIAL FLOTATION U - STEAM PLANT shops, and zmﬂmrormmm !

J - REGRIND MILLS ¥ - HEAD FRAME @ 2&.8_2 isti d e ber of i Hdi

K - THICKENER TANKS A - HOIST HOUSE eristics and number of auxiliary buildings
L - X - vary with each mill; machine shop will usually

FILTER ELEVATORS

Dy ﬁ#/%ﬁ/////////////ﬁ/

//
By xR
- I Ty

SNy

be equipped to handle relatively heavy crushing
- x and grinding equipment.

YINE WATER RECOVERY

Mine 4Yater Recovery:

(1) Plants normally small; may be distinguished by
circular or rectangular tanks, towers, or
troughs in which cementation osccurs. In cold
climates, tanks etc. may be roofed over and
therefore indistinguishable.

=

ESSENTIAL STRUCTURES AT A TYPICALLY
JAPANESE MINE AND CONCENTRATOR

Tailing Disposal

(1) Tailing pond identified by large size and limy
whiteness in relation to surrounding landscape -
one of the best distinguishing features.

(2) Ponds usually located in natural depressions or
on hillsides near concentrator.

(3) uhere terrain doesn't conform naturally to basin,
sludge dams are built alang pond periphery.

RESTRICTED

'MINING AND ORE DRESSING

DISTINGUISHING FEATURES OF ORE DRESSING PLANTS
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VULNERABILITY OF MINES AND ORE DRESSING PLANTS

MINING

Mining installations are generally considered poor

bombing objectives, (I) because output from a single.

mine does not usually constitute a large percentage
of a nation's total production; (2) because the few
vital targets at a mine are small and hard to damage
without direct hits; (3) because mining equipment is
standard and can be easily shifted from mine to. mine;
(4) because mining operations are flexible and can be
adapted to all but the severest damage; and (5) because
the time lag between mining operations and manufacturing
operations is so great that stock piles built up in in-
termediate stages tend to cushion the effects of bomb
damage.

IT mines are selected as bombing targets, the most
effective means of interfering with ore production is
the damaging of primary power plants or transformers.

Such damage cannot be easily repaired and as a result

important equipment like hoisting machinery, air com-
pressors, flood control pumps (at wet mines), and
ventilating fans may be put out of order. The pumping
system is absolutely essential to the working of a wet
mine, for once pumps suspend operation, the mine will
flood and begin caving. 3Similarly, at shaft type mines,
if the delicate hoisting machinery can be seriously
damaged, shaft operations will be stopped.

ORE DRESSING

Gre-dressing buildings and equipment are much
larger, much more concentrated, and more vulnerable to
bombing than mining instaliations. Therefore, because
the dressing mill and the mine are neariy always lo-
cated within a few miles of one another, the dressing
plant represents the priority target and should be the
focal point of bombing attacks. * In Japan the bottle-
neck of metallurgical industries lies in limited
supplies of ore and not in its abundant smelting
and refining capacities. The destruction of dres-
sing mills would seriousiy reduce the output of
Japanese concentrates with a resultant effect of
much greater magnitude than if similar damage were
done to U.S. concentrators,

Nevertheless, the dressing mill possesses many of
the same defects as a target that the mine possesses.
For example, the number of dressing mills is roughly
identical with the number of mines, and as a result few
mills are responsible for large percentages of total
nationat production. Also, although dressing mills

RESTRICTED

VULNERABILITY —

tend to present a more concentrated target than mining
instaliations, their total area, is still relatively
small and would be hard to hit except at low altitudes.
Other factors that would lessen the effectiveness of
raids on dressing mills are (a) the heavy nature of
crushing and grinding machines (b) theeasily replaceable
character of jigs, tables, and flotation cells, and
(c) the arrangement of crushing, grinding, and concen-
trating equipment in parallel in such a way that a
machine requiring repair can be stopped without effect-
ing the ovberation of its neighbors.

KEY INSTALLATIONS AT THE DRESS NG MILL

Power House: Nearly all of the machinery at an ore-
dressing plant is electrically operated; so if the power
house or sub-station can be destroyed, unless other
power sources are immediately available, the entire mill
will cease operations. Because of ihe isolated location
af ore dressing plants other power sources are not
always immediately available, hence dressing mills may
be dependent for a majority of their electricity upon a
single station at the plant site.

Concentrator Building: The concentrator building

is the best target at most ore-dressing plants, botn

‘because of its size in relation to other buildings and

pecause of the more easily damaged nature of the equip~
ment. Furthermore, the layout of a dressing mill is
generally so compact that bombs aimed at the concen-
trator would more than likely do some damage to settling
tanks, filter ejuipment, faunders, and reagent tanks.

VULNERABILIGY OF MILLS TO FIRE

Because no hot materials are handled in ore-dressing
operations, and because building contents are largely
non-inflammable, the construction of mill buildings is
likely to vary from 'place to place depending upon the
prevailing type of design and upon the materials
avaitable. in Japan, although ore bins may be of re-
inforced concrete and walls may be masonry, dressing
mills are reported (1930) to be built predominantly of
wood.

ORE DRESSING AND LEACHING PLANTS COMPARED

Technically hydro-metallurgy should fall in the
sections of this study that deal with extraction, but
because many of the distinguishing features of ore-
dressing mills and leaching plants (which form the
major part of hydro-metallurgy) are similar, the general
characteristics of leaching are briefly considered here.

Leaching processes are treated in detail in Section
IV, because they are of major importance in the produc-

MINING AND ORE DRESSING

ORE DRESSING AND LEACHING PLANTS COMPARED

tion of electrolytic zinc. Important leaching methods
for copper and lead have also been developed in western
countries, but’in Japan such methods are probaply still
largely experimental. Nevertheless as early as 930 a
pilot plant for leaching of copper ores was in operation
at Amagasaki; so the photo interpreter should keep the
possibility of Japanese copper leaching in mind.

Briefly, ores are leached by treatment with a
solvent that causes the valuable metal to go into
solution leaving the valueless gangue (or tailing) un~
affected. The metal in solution is subsequently pre-
cipitated out. The most effective leach solvents are
sulphuric acid; sulphates, and ammonia. Water also
acts as an effective leaching agent in mine tunnels as
has been noted above.

3enerally only oxidized ores, mixtures of oxides and
sulphides, or carbonates are adaptable to leaching
protesses and not all of these can be exploited practi-
cally. Theoretically sulphides oxidized by roasting
can also be leached, but for copper and lead ores this
process- usually proves to be too expensive in practice.
Solutions formed with sulphuric acid and sulphate leach
liquors make good electrolytes and are subjected to
electrolysis in order to precipitate the metal.’ The
metal present in solutions formed with ammonia, is
usually precipitated by cementation on scrap iron.
Electraiysis though more expensive, produces pure copper,
while cement copper obtained from cementation is impure
and must be fire refined.

In order to make the action of leach liquors effect-
ive, ores are crushed before leaching, thereby exposing
a greater surface area to chemical reaction. As at the
dressing mill, leaching ores are brought from the mine
to the plant by railroad or conveyor and stored in
primary ore bins. From these they are fed through
crushers and reduced to the texture of coarse sands.
Intermediate bins stare the crushed ore which is sub-
seguently classified in small settling tanks in order
to separate coarse materials from slimes. Slimes are
not well adapted ta leaching and must be continualiy
agitated during treatment because they tend to form an
impervious layer at the bottom of leach tanks. Leach
tanks are large square or rectangular vats from 60-175
feet on a side and |6-20 feet deep. They are serviced
by a bridge crane that charges the crushed ore and ex-
cavates the leached tailings.

Chemical precipitation of metal from ammonia solu-
tions and from weak electrolytes is carried on in tanks
similar to those described under mine water cementation.
These tanks are usually smaller than the Teaching vats.
Electrolytic precipitation occurs in a large rectangular

1.15
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INTRODUCTION

Copper metallurgical operstions divide naturally
into extraction processes which are carried on at the

smelter or leaching plant, and refining processes
which are normally carried on at the refinery. |In
extraction processes ores and concentrates are reduced
to 96-99% pure copper by either pyro-metallurgicsl
or hyaro-metallurgical methods. In refining processes
the. crude copper gained from extraction is purified by
pyro-metallurgy, by electrolysis or, as is most often
the case, by a combination of both. The choice of
extraction and refining methods is dictated in each
instance by the chemical composition and physical
characteristics of the ores and concentrates treated.
Because copper ores mined in Japan are nearly all
sulphides and because smelting is the only important
extraction process used, this study dezls only with
the smelting of sulphides. -

MATTE SMELTING OF SULFIDE ORES

The ultimete objective of any method of mxﬁﬂwowmmm
cooper from its ores is to obtzin the primary metal as
economically as possible in a highly purified state,
and to reject the accompenying materials in such form
thzt valuable by-products, if present, can be recov-
ered. In the smelting of copper sulphides the aim is
to separate copper from the iron, sulohur, and gangue
materiels that make up the bulk of the ore. This
separation, known technicelly as "mette-smelting”,
generally involves three distinct operations called
roesting, smelting, and converting.

(1) Roasting in the United States is designed to
adjust the sulphur-copper-iron ratio of the ore,
thereby forming a proper retationship for economical
treatment in the subsejuent stages of smelting and
converting. If this relationship is satisfactory
without roasting, ores end concentrates are sometimes
smelted raw.

Roasting in Japan, however, is combined with
smelting and takes place in the smelting furnace.
Prior to smelting, finely divided furnace charges are
commanly subjected to &z special type of roesting
called "sintering". Sintering is desianed to agglom-
erate the minute: concentrate particles of the charge
in order to permit efficient smelting. The princinal
product of either roasting or sintering is a hot
calcine. Secondary products, sulphur, arsenic,
antimony, and bismuth are volatized during the process
and are passed off as fumes or gases.
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SMELTING PROCESSES
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(2) Smelting’s mein functicn is the removal of
gaznjue 2s slag and the fusing of the copper, iron, and
sulphur into 2 liquid matte. Matte by definition is
ony sulphide that has been prepared artificially by
fusion. In addition to copper, iron, and sulphur it
contains small amounts of other metzls such as gold,
silver, lead, zinc, nickel, arsenic, and bismuth,

(3) Converting separates the copper in the matte
from the iron and sulphur by oxidstion. Sulfur is
driven off as S0, gas and the iron forms 2 slag with
the furnace fluxes.* The crude or "blister" copper
which is the product of converting contains from | - 4%
impurities. These are subsequently removed by fire
refining and/or electrolysis.

The princinles of roasting, smelting, and con-
verting are the same for copper metellurgicel oper-
ations 211 over the world, but the details of eguip-
ment and prectice employed by each nation vary with
the extent and type of the ores exploited. As the
most importent worid producer of copper, the United
States possesses the largest and the most up-to-aate
production fecilities. Japan, on the other hand,
although the second largest world producer during
Horld War Igsuffers from limited supplies of copper ore
and has not been able to keep pace with the United
States. The smaller scale production and the great
variety of ores mined has in fact tended to force
the Japanese to employ somewhat different techniques
of mette-smelting from those used by the U.S. The

2. 0l
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The concentrate charge is fed to the pallets from a
hopper placed zbove the machine, and is ignited by &
hooded burner. The belt then cerries its pallets,
soread with ignited concentrates, across a suction
box where air is drawn through the burning charge
resulting in the formation of a sinter cake. 1If the
sulphur content in the charge isn't high enough to
support combustion alone, coke is mixed with the
concentrate feed. If the sulphur content in the charge
is so high that excessive exothermic heat causes
concentrate particles to fuse, the material flow is
rearranged to permit two short passes through the same
machine or through different machines placed in
paraillel.

In fact, in all three of these sintering processes
a number of units are placed in parallel and are
served by a single conveyor system. Because of their
limited capacity sinter pots usually number around a
dozen. Greenwalt pens, although of slightly larger
capacity, are also used in relatively large numbers,
while Dwight-Lloyd machines ordinarily number around
two or three, inasmuch as they heve 2 much greater
capacity.

Hearth Koasting: Some attention should be devotec
at this point to the practice of multiple-hearth
roasting because it is definitely known that a few
MULTIPLE HEARTH ROASTERS
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Japanese smelters employ hearth roasting in place of
sintering. For example, it was reported in 1530 that
one Japznese smelter (Maoshima) treated 211 of its rew
materials in hearth roasters and then smelted them in
reverberatory furnaces. Further reports claimed two
other plants used roasters and reverberatories fortheir
flotation concentrates. Some Japanese smelters mey
still use the prectice of hearth roasting es a part of
the blast furnace reduction-smelting process that pre-
vailed in Jaban before the introduction of partial
pyritic smelting.

Standard multiple-hearth furnaces 1ike the ones
illustrated consist of a number of refractory brick
hearths enclosed in 2 tall steel cylinder. Concen-
trates ere fed to the furnace from 2 hooper at the
top and then raked or rabbled across each of the
successive roasting hearths telow. Rabbling is accom-
plished for each hearth by a rake that revolves on a
rotating steel column. in addition to hot calcine,
roasting produces volatile products like arsenic,
antimony and sulphur which are drawn off through ges
outlets that connect with 2 fiue leading to the main
smelter stack. Heat is supplied to alternate hearths
by burners set in the side wall of the furnace.

COPPER METALLURGY
SMELTING PROCESSES
SMELTING

The "smelting” stage is essentiaily a melting opera-
tion in which copper, sulphur, and iron from the furnace
charge fuse into liquid "matte”, Other products yielded

in addition to matte are slag and flue gases.

Blast Fyrnace Operations: The operation of a copper
blast furnace is similar to that of an iron blast furnace
in principle, but quite different in equipment and prac-
tices employed. For example, copper blast furnaces
stand about 29 - 30 feet in elevation and are housed,
while iron plast furnaces sometimes stand [50' in eleva-
tion and are uncovered. No hot stoves are needed as in
the production of iron, because the air blast for the
copper furnace is generally introduced cold, The iron
furnace is circular in construction while the copper
furnace is long, narrow, and tapered on the sides
roughly in the form of a rectangular funnel. Copper
furnaces measute between 3 and 4 feet wide and vary in
Jength from 25 - 90 feet. At Japanese smelters, furn-
aces average 25 feet in length.

Like the iron blast furnace, the copper furnace is
encircled by a large bustle pipe containing compressed
air which is fed into the charge column through tuyeres

SECTION AND ELEVATION OF 3LAST FURNACE
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or “horizontal™, The Great Falls type which closely
resembles the Bessemer steel converter is the standard
"upright” converting equipment in use today. |t consists
of a short cylindrical steel section from 12 - 20 feet
in diameter surmounted by a tapering hood. The lower
section is mounted on trunnions ta permit turning for
charging matte and pouring siag and blister. During
blowing operations the hood covers the lower shell and
conducts S0, gas through a flue that connects with the
main smelter stack,

Horizontal or Barrel Converter: The horizontal or
barrel converter is more widely used than the Great
Falls converter and is best represented by the modern
Pierce - Smith oraduct illustrated. Horizontal convert-

TAPPING
SMITH CORVERTER

ers possess the same general characteristics as the

BLISTER COPPER mxoz A PIERCE~

§.F. type, i.e., a horizonta! turning axis and a hood
for collecting 80, gas.

Habuki Hearth Operations: Most of the largest
Japanese smelters (about five) are now equipped with
either 5reat Falls or barrel converters, but the im-
portant Sagonoseki smelter and most of the smaller
smelters employ in place of converters a strictly
Japanese type furnace known as the mabuki hearth. In
principle the mabuki operates much the same as a con-
verter and is used side by side with converters at many
Japanese smelters.

Mabuki hearths consistofa pit dug in the ground,
lined with refractory materials, and covered by a hemi-
spherical roof of clay or siliceous ore. At one end of
the hood a door provides access for charging and slagging

RESTRICTETD

COPPER METALLURGY

SMELTING PROCESSES

PARTIAL LONGITUDINAL SEGTION

(A) BLAST FURNAGE BUILDING-
ELING CRANE -
TANK -

(F) HOOD OF THE MABUKI FURNACE «
(K) BRANCH FLUE- {L) MAIN FLUE- (M) MABUKI

{(8) BLAST FURNACE- (C) MATTE LADLE- (D)

K 7
L
TRANSVERSE SEGTION
“MABUK|" FURNAGE BUILDING- (E) TRAV-
(G) MABUKI FURNAGE -« (H) BLAST PIPE - (1) TUYERE* tJ)oi

SLAG- (N) SLAG CAR- (0) TAPPING HOLE- (P) ANODE MOULD

SMELTER EMPLOYING BLAST FURNACES AND MAKUB| HEARTHS

and at the other the hood connects with a flue for the
disposal of waste gases. Air and fuel are Blown into
the hearth through a single tuyere set in the side of
the hood. Matte from the blast furnace is charged into
the hearth by ladles, and slag is raked off into wheel
barrows.

The converters are installed in the smelter building
along what is termed the converter aisle. Qn one side

of the aisle converters are arranged in a row; on the
other, stand the blast furnace or tapping ends of re-
verberatory furnaces. With this arrangement a single
overhead crane can service both smelting and converting
furnaces with hot metal ladles. At some smelters con-
verting furnaces (especially mabukis) and smelting
furnaces may be arranged all in one row with the blast
furnaces at one end and the servicing crane running the
full length of the row along ane side.

SECTION THROUGH AMERICAN REVERBERATORY SMELTING BUILDING

‘..l! | SE Rt mtwtaTatatat| Sitet atnintat

\\ e P 2 T Ty

“ T CASTING
WHEEL

REVERBERATORY FURNAGE
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Sampling Mill

(1) Similar in appearence and closely associsted
with crusher plant.

(2) msed to test and crush ores znd fluxes.

Sinter Suilding .

(1) ™Medium sized rectengular structure; sometimes
one of tellest smelter buildings to nermit
cherging of concentrztes 2t top and remove
of celcine at bottom.

(2) Roof may be distinguished by tower-like
elevator section that services feed bins.

(3) Connected by flue with steck, by narrow
gauge rzil with smelting furnaces, and by
conveyor with concentrate storage.

Roaster building {where heerth-rozsting is sub-

stituted for sintering)

{i) Universally taii rectanquiar structure - ranks
with ore bins and smelter ccm_mmso as one of
largest units at the smelter.

(2) Like sinter building, distinguished by con-

necting flue, railrozd, and conveyor.

Smelter Building (81zst Furnace)

(1) Long, high, gabled, rectenguler structure - the
largest 2t the smelter; size varies with
number of blzst furnaces, converters, &nd
czsting machines housed within - averages
sbout 370' x {00'.

(z) Large winding flues leed from blast furnace
end converter sections to stack or stacks.

(3) Warrow gauge tracks lead from base of blast
furnace section to slag dumo.

(4) Air nipes feed to blest furnaces and con-
verters from zir compressor building or power
house.

(5) Sma2ll cesting shced serviced by excorting
rzilroed often zttached to converter section.
iinen casting takes olece 2t end of mzin build-
ina, anly exporting reil tracks sre visible.

(8) Some smelters possess narrow geuge calcine
cherge trecks that enter building on trestle -
level with feed floor. G§thers feed furnaces
from charae bins serviced by conveyor &t toz

of building.

(7) Pipe for powdered cozl sometimes snparent
leeding from pulverizer to blzst furnaces.

(8) Cooling pond or towers for water from blest
furnece weter jeckets located near buildina.

(3) Smoke ond dust oroduced during blast furnzce
chzraing doerztions aften visible above build-

Tnga,
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THAW HOUSE
ORE RECEIVING BINS

ORE BINS
SAMPLING
CRUSHER

MILLS

HEARTH ROASTER 3UILDINGS
CORVERTER BUILDIRS
REVERBERATORY SECTION
WASTE HEAT BOILER SECTION
BLAST FURNACE SECTION

10.
.
2.
13.
Id.

COPPER METALLURGY

DISTINGUISHING FEATURES OF SMELTERS

POWER HOUSE
MACHINE SHOPS
COMPRESSED AIR PIPE
COOLING PONDS
EXPANS 10N CHAM3ER

5.
6.
17.
8.

COTTRELL TREA
FLUE

OLD 3LAG DUMP
RAA MATERIALS

TER
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12.
i3.
hy,
15,

ORES, FLUXES, AND CONCENTRATES
SAMPLING MILLS

CRUSHER

ORE BINS

ROASTER BAG HOUSE

LEAD BLAST FURNACE BAG HOUSE
LEAD BLAST FURNACE RAW MATERIALS
LEAD BLAST FURNACE ELEVATOR
NEW ROASTER BLD3.

UNUSED ROASTER BLDG.

LEAD SINTER BLDG.

LEAD BLAST FURNACE BLDG.

LEAD DROSSING BLDG.

WASTE HEAT B80ILERS

REVERB, FURNACES
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16,
7.
13.
19,
20.
21.
22.
23.

28.
23.

EL PASG COPPER
CONVERTER AISLE
CASTING SHED
POWER HOUSE
BLAST FURNACE AIR PIPE
CHANGE HGUSE
SHOPS
BRICK SHED
SPRAY POND
BLAST FURNACE COOLING POND
ADMINISTRATION BLDGS.
COTTRELL
ARSENIC PLANT -
LEAD SLAG
COPPER SLAG

YIEWS

TLET g

COPPER METALLURGY (STUDY, PHOJIOS),
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COPPER METALLURGY (STUDY PHOTOS)
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REFINING THE CRUDE SMELTER COPPER

THE PURPOSE OF REFINING

Blister copper, as it is produced at the smelter
is slightly over 98% pure. This is generally too poor
in quality for direct use and must be further purified
by refining to 99.9% prior to commercial fabrication.
The impurities present in smelter copper fall into two
classes: (1) base metzls and non-metals such as
sulphur, iron, lead, arsenic, antimony, zinc, nickle,
cobalt, selenium end tellurium which must be removed
because of their harmful effects upon the properties
of coppcr, and (2) precious metals as gold, silver,
platinum, and palladium which are not usually harmful
to copper but have sufficient value to pay for their
separation,

Removal of impurities is accomplished by fire
refining and electrolytic refining. Fire refining
removes impurities which combinejreadily with oxygen
to form slags, while electrolytic refining eliminates
the impurities which cannot be oxidized prior to the
copper, that is, primarily the precious metals and
bismuth.

The normal sequence of operations in American copper
refining is: (1) fire refining of smelter copper in
an anode furnace followed by casting of the anode bars
used in electralytic refining (2) electrolytic refining
of anode bars to produce cathodes of electrolytic
cooper (3) remelting and further refining of cathodes,
followed by caesting into market shapes. In Jeapan
azlthouah 211 the copper produced is subjected to stens
(2) and (3) of the American process, step (i) is
usually skipped and blister from converters is cast
directly into anodes.

FIRE REFINING IN THE AMODE FURNACE

Fire refining in the anode furnace and the subse-
aquent casting of anode bars may be carried on at either
the smelter or the refinery. Opnerations are essent-
ially the same a2t each, however, end can be divided
into a charging stage, an oxidation stage, a poling
stage, end & cesting stage.

Refining Qperations: Anode furnace charges at the
smelter consist of tiaguid blister from the converter,
while charges at the refinery are made up of solid
blister cakes. Because the heat of Tiquid blister is
nearly sufficient to maintain furnace baths in a molten
state during refining without the addition of fuel,
enode furnaces at the smelter serve primarily as hold-
ing furnaces. At the refinery,hovever, blister cakes

RESTRICTED

enter the furnace hearth cold and a considerable amount
of heat must be generated for melting.

When the charge has become completely molten it is
oxidized with an air blast which attacks impurities
and brings them to the surface as slag. Slag skim-
mings are small in quantity and are either returned to
the converter or discarded. During oxidation blister
copper in the anode furnace is partially changed to
cuprous oxide and must be reduced back to metallic
copper by "poling". This reduction is accomplished
by thrusting green tree trunks, 6"-10" in diameter
into the molten charge. The heat of the liquid causes

destructive distillation of the wood, and the carbon
gases evolved reduce the oxide to metallic copper which
is ready for casting.

POLING AN ANGDE FURNACE

Modern cesting of copper shapes is accomplished
primarily by mechanical methods. The essential machin-
ery used includes a nouring ladle attached to the
furnzce tap hole, a machine for bringing molds under
the ladle (normelly z wheel or straight line mechenism),

CASTING MACHINE

———
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a water tenk or spray for cooling, and a2 crane for

moving finished bars to rail cars.

To keep copper from

sticking in the anode molds as they are refilled in

transit through the
solution is sprayed

casting machine, a bone ash
in each prior to pouring.

COOLING ANODES IN A WATER BATH
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Preparation of Cathode nwwvww for Commercial Use:
Copper cathodes must be converted into usable copper
shapes before they are ready for commercisl fabri-
cation. The simplest conversion consists of shearing
the cethode sheets into smelier pieces for use in
alloy casting furnaces and foundries. For operations
where more precise shapes, i.e¢., wire bars, cakes,
billets, and ingots - are required, cathodes are
melted and refined in reverberatory (cathode) furneces.

CASTING WHEEL FOR WIRE BARS
The stages of cathode furnzce operations are generally
the same as the four described in connection with the
furnace.  |In fact, at some refineries anode and cathode
fire refining operations are carried oan interchange-
ably in the seme furnaces and casting is done on the
same wheel merely by shifting the molds.

The actuel czsting of wire bars, cakes, and billets
reauires great care in order to insure & smoothly
finished product that will not become defective during
fabricztion. For the same reason after casting, the
exposed surfaces of bars, czkes, and billets must
often be scelped of the biack oxide which forms during
cooling. Scalping is accomplished by machines that
either cut or grind the thin oxidized surface from the
copper shape.

Treatment of Slimes and Electrolyte: In the pro-
cess of electra-deposition the copper anode is rid of
its impurities in two general ways: (1) by dissolving
them into the electrolyte, end (2) by dropping them to
the bottom of the tenk &s solid particles of anode mud.
The inpurities usuelly meke up ebout |.5% of the total
anode by weight.

Both the electrolyte and the anode slimes are

RESTRICTED

COPPER METALLURGY

REFINING PROCESSES — DISTINGUISHNG FEATURES OF REFINERIES

treated further for recovery of by-products. |[n
actuzl practice, however, some refineries do 2 more
complete job of recovery than others, depending upon
the mineral content of electrolyte and slimes, the
merket for by-products, end the unit cost of treztment.
ttearly all of the refineries in Japan treat slimes and
electrolytes exheaustively because there are 2 limited
number of plants and because the availeble ores are
releatively rich in by-products.

ELECTROLYTE STORAGE TANKS
The handling »f the electrolyte occurs in two
stages. First, the electrolyte is kept in constant
circulation by a system of pumps and storage tanks.
This prevents the precipitation of copper sulphate
crystals from the saturated solutions in the tank. The
pumps and tanks are located within the tank house or
along its periphery. Secondly =z certain amount of the
solution is bled regularly ta recover its eacid and
copper content. This prevents the electrolyte from
becoming over saturated and halts the flow of current
from anode to cathode. The recovery of copper is accom-
plished either by electrolysis with an insoluble Tead
anode or by a process of crystallization that precipitates
the metal in the form of copper sulphate crystals.
Anode slimes yield various proportions of precious
metals, selenium, tellurium, nickel-sulphate, nickel,
and a few other by-products. The detzils of recovery
znd the products obtained are different for each
refinery. Furthermore, the processes emoloyed are too
comelicated to describe here. The plants used for
treatment occupy only a small portion of the total
rcfinery aree and are not essential to the flow of
production . Steted generally, however, 211 refineries

ROASTING LEACHED ANGDE SLIMES

employ a comtination of severzl or all of the following
processes in the treatment of their anode slimes:
crystellization, leaching, electrolysis, cementation,
and distillation. Crystellization, leaching, and
cementation operations are activeted by either furnace
heating or chemical combination znd take place in a
variety of enclosed or open iron, wood, and steel
tanks. Electrodeposition follows the same principle
used in the electrolytic tank house, but the process
is carried out on 2 much smaller scale and employs
different types of anodes and electrolytes. Dis-
tillation which takes place on an extremely small
scale is used primarily to recover selenium of high
purity.

DISTINGUISHNG FEATURES OF REFINERIES
SUMMARY OF FEATURES

There are no outstanding features which will invar-
iably distinguish a copper refinery from other types
of industrial plants. Fowever, there are a number of
features which, when considered together, do give some
idea of the purpose of the refining buildings. Perhaps
the best distinguishing feeture is the casting building

2.21
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Power Plant

(n

2

(3)

Fuel
()

(2

{3

| f responsible for any large percentage of total
power used, plant contains boilers, turbines,
transformers, znd rectifiers or converters
Boiler unit often a separate building.

If outside sources used - power unit may be
merely one sub-station building containing
transformers etc.

Plants at older refineries do not have stepped
boiler, generator, and switchboard units, but
most possess usual large stack, fuel source,
and coaling equipment .

Storage

dzp refinery fuels include coal, oil, charcoal,
and pitch.

Coal stored in lerge piles served by overhead
conveyor or in conventional ore bins filled
from elevated tracks.

Cozl pulverizing plant located adjacent to coal
storage facilities and sometimes connected with
power plant by conveyors or comoressed air

SILVER PARTING DUST RECOVERY EQUIPMENT

RESTR

COTTRELL
RECTIFIER

COTTRELL
* TREATER

7

ICTED

pipes.
(4) 0il storage tanks often available as auxil-
iary source of fuel.
(5) Pitch pulverized in plant similar to one used
for cozl.
Smelter Building
(1) Not always present; if present it is used to
smelt copper reverts such as anade furnace
slag; usually contains one blast furnace.
(2) Distinguished by:
(a) Adjscent raw material bins (sometimes
housed) for coke, silicates, and reverts.
(b} Elevator housing or conveyor for charging
blast furnace (also not always visible).
(c) Flues running from blast furnace to bag
house and stack.
(d) A smzll bag house and a medium sized (]00-
200') stack.
Storuge Yards
(1) Storage yards serviced by overhead crane pre-
sent a2t nearly every refinery.

8Y-PRODUCTS BUILDING

i

SLIME LEACHING
& ROASTING

COPPER SULPHATE
BLDG.

COPPER METALLURGY
DISTINGUISHNG FEATURES OF REFINERIES

(2) Empty storzge yards not necessarily an indi-
cation of shut down, for schedules of war-time
production and shipping are sometimes so closely
synchronized that stock piles in yards are
alweys nil.

(3) Yard products include - copper sheapes (wire
bars, anodes, blister cakes); poles for poling;

scrap iron for cementation; blast furnace
meterials; fuels; parts for machine shops;
lumber; extra casting molds etc.

(4) Poles and fuels the only easily identifiebie
products; blister cakes sometimes distinguished
by Vight reflected from flat surfaces.

(a) Cathodes not stored in open, but sometimes
seen on flat cars moving about yard.
{b) Finished shapes often stored in sheds.

By-Product Plants (Silver Parting - Copper sulphate
Selennium - Tin - Fickel - Sel. etc.)

(1) Plants located in smell additions to tank
house or in small separate buildings measuring
from 50' x 50' to [50' x 150'.

{2) Silver-Parting Plant occasionally identified by
Cottrells, cooling flues, and scrubber towers
used to treat valuable furnzce smokes and gases.

(3) Other by-products plants occasionally disting-
uished by small, short stacks scattered over
roofs. These often seen elimineting steam

Transportation Facilities

(1) Both rail and shipping terminals commonly
available to refineries.

(2) Internal transport provided by system of narrow
gauge tracks.

Auxiliary Buildings

(1) Include: storage buildings for finished shapes,
furnace bricks, scrzp etc; shops for machine
repair, carpentry, electricsl work,
jJauge engine repeair etc; foundries;
houses; end office building.

(2) Brick storege buildings low shed-like struct-
ures; office buildings sometimes multi-storied;
machine shops built with monitor roofl ights;
sther buildings vafy et each refinery - ident-
ified only by zdjecent stores etc.

narrow
change
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(W

(8)
(8)

At refinery, tank house sub-stations contain
vital transformers and rectifiers that form an
important bottleneck.

Power equipment delicate - would necessitate
lengthy repairs if badly damaged.

Air compressors easily injured but standard and
not too difficult to replace.

Sme lter Building

M

@

(3)

(4)

(5)

(8)

@

Largest and most important unit at smelter
(except where major power unit is located at
plant site.)

Contains smelting and converting furnaces in
which the most important changes in reduction
of copper ores take place.

Blast furnaces too small to be easily hit, but
charging mechanism, bustle pipe, and tuyeres
highly vulnerable.

Where used, reverbs are the most easily damaged
smelter building equipment (a) because of large
roof area, (b} because of easily pierced brick
construction.

If reverbs operational when pierced, liquid
copper would overflow and freeze necessitating
tedious repairs, .

Waste heat boilers vulnerable, but not essential
to plant operations. Might shield reverbs be-
cause of position directly under roof.
Converter hoods and turning gear vulnerable to
shock and fragmentation; furnace vulnerable
only to direct hit.

Roasting or Sintering SBuilding

U]

by
)
~»

Tank
(1

(@

REST

Because fine concentrates can't be smelted
successfully in blast furnaces unless agglomera-
ted, sinter plant vital to efficient blast
furnace operation; plant vulnerability varies
with equipment - e.g9. Dwight-Lloyd machine more
easily damaged than pots.

liearth roaster buiiding essentiai where pre-
roast needed for reverberatory charges, but
building is heavily constructed. (large ex-
plosions might tilt roaster hearths out of line
from central rotating column-causing rabble
arms to jam and tear out brick hearth linings.

House

Best target at refinery pecause of (a) tremen-
dous size, (b) easily damaged contents, and
(c) because entire plant is dependent upon its
operation. .

Interior explosions would damage cells, knock
out pipes and pumps for circulation of electro-
lyte and slimes, and disrupt electrical con-

RICTED

(3

(%

CASTING BUILDING SHOWING CORRUGATED IRON PANELING

A MODERN ELECTROLYTIC TANK HOUSE

nections.

Wood cells easily replaced - concrete cells
less so; slight damage to tanks could be iso-
lated by rearranging busbars to by-pass injured
cells.

Pumping system biggest bottleneck; pumps hard
to replace and circulation of electrolyte,
vital to essential purity of cathodes.

CGasting Building
(M

Essential equipment includes reverberatory
furnaces and casting and charging machines.

(2)

(3)
(w

(s)

Fue l
(n

(2

Dust
(n
(2)

(3)
()

COPPER METALLURGY

YULNERABILITY OF SMELTERS AND REFINERIES

Casting of high quality shapes must be precisely
controlled; precision would be destroyed by
shock of adjacent explosions.

Reverberatories and waste heat boilers subject:’

ﬁo same damage as smelter reverbs and boilers.
Charging machine contains delicate electric
motor.

Casting and charging machines are standard.

Supply

0il tanks and pulverizing units are the only
highly inflammable refinery units and those
are very small.

If no auxiliary fuels available, damage to
fuel units might halt operation of vital power
plantandair compressor beilers, blast furnaces,
and reverbs - all continuous fuel consumers.

Control Equipment

Stacks heavily built and hard to hit.

Flues likely to be hit often in raids, but
easily repaired.

Cottrells very small but highly vulnerable,.
Crippling damage to dust control equipment
would halt by-products plants and make work at
smelter inefficient and uncomfortable, but
wouldn't halt plant operations.

By-Products Plants

0]

Not essential tosmelter and refinery ﬁumwmﬁmoam.

Auxiliery Buildings

("

Damage to auxiliary buildings important only
for delays in repairs, destruction of office
records, etc. that might be caused.

2.33
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INTRODUCTION

Leed metallurgical operations are strikingly similar
to those of copper, both in the equipment used and in the
processes employed. Thus, ores are prepared by roasting
and sintering; smelting is carried on predominantly in
blast furnaces; refining is accomplishad by nyro-metel-
lurgical techniques and sometimes by electrolysis; and
cesting is done by machinery. As in the copper processes,
lead operetions divide naturzlly into extraction and
refining depertments which are usually considered es
separate units., This separation of extraction from re-
fining, however, is less definite than in copper metal-
luragy because lead smelters often possess facilities for
cerrying on several, or all, of the essential steps of
refining.

Although lezd ores and concentrates may be reduced
by either pyro-metallurgical or hydro-metallurgical
methods, the latter is still largely experimental in the
leed industry. Commercial extraction is confined almost
exclusively to smelting in carbon heated furnaces.

LEAD SMELTING

Furnaces used to smelt lead commercizlly have in-
cluded reverberatories, blast furnaces, and ore hearths,
In recent years, however, reverberatories have been dis-
carded in favor of either blast furnaces or ore-hesrths.
As 2 general rule blest furnaces are best suited to the
smelting of argentiferous (silver bearing) ores and ore-
hearths to the smelting of non-ergentiferous ores of
high grade, beceause the mezjority of ores mined through-
out the world are either argentiferous or low grade.
Blast furnace smelting predominates in the lead industry.
This is especielly true in Japan where lead ores zre
both argentiferous and Tow grade.

SINTERINMG AND ROASTING

Regerdless of the method used and the ore smelted,
sulfur must first be burned off, at lezst in rart., and
the other impurities must be corbined ir & sleg. In
blast furnace smelting, sulonur ‘s usuelly elimincted
from the ores by sintering i-
the seme types of eaviprent
blest furnace chrerces. Te¢ ¢
of sulphur several sinters
obviate eddi

tiope" sirters ky

SMELTING IN THE BLAST FURNACE

After elimination of sulphur, the resulting sinter
celcine is reedy for smelting in the blast furnace. The
function of the blast furnace is to free the metal from
the ore and to gather the impurities in a slag. This
separation is effected by the differences in snecific

INTERTOR OF SINTERING BUILDING

BELOW: NTERIOR OF ROASTING BUILDING

LEAD METALLURGY

SMELTING PROCESSES

ORE REGEIVING BINS §

ORE QR GONGENTRATE|
N/ -
I 1

(RO crusHER

FLUXES
\, BINS
' y N

. SINTERING  \,/ ousT
A MACHINE PRECIPITATOR

N\ D ,
v M h __GAs & pUST > [ Ivlv.ﬁl

GHARGE L
BINS =, STAGK
N DUST e

RETURNED TO
SINTERING MAGHINE

AN/ _\
'R R TRESTLE

CHARGE
CARS

STACK

BAGHOUSE :

! !

pUST :

TO BY-PRODUGT PLANTS ‘

. OR RETURNED TO
w\wwwnwmm/ SINTERING MACHINE ;
stag ! LEAD .
- N BULLION

ot mEMmm«wo MATTE ~ ; :

DUMP COPPER SMELTER 3 L]

dlcxoww,zm

oy {SMOKE & FuME- i
FLOW DIAGRAM —(-reene !

OF p BAGRCUSE

TYPICAL n
LEAD SMELTER S e e 7o
AND ¥ / 8- PRODuCT

REFINERY SILVER, GOLD, '~ L ;
BISMUTH, ANTIMONY, -\ ™~ !
ETC. TO RECOVERY x5 GASTING MAGHINE i
UNITS. ] i
M 1

REFINED LEAD TO MARKET <-

SECTION THRU OWIGHT-LLOYD SINTERING BUILDING

Bt ETERR
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DUMPIFG MOLTEN SLAG

As the mette end speiss buiid up in the foreheartn
they are tapped together and allowed to freeze prepara-
tory to retreatment. Mette contzins valuable emounts of
silver, gold, lead, and copper which cannot be wasted.
If the guantity of mette is small, it 'is crushed, mixed
with sinter charges to remove sulphur, and returned to
the lead blast furnaces. ‘Where the amount of matte is
larger, it may be matte-smelted and concentrated in a
copper blest furnace for szle to copper smelters.

Before the matte is crushed or retreated the small
emount of speiss essociated with it is broken off and
sent to the arsenic recovery plant where it is processed
zbout the same &s arsenic fume. The speiss residue re-
maining in arsenic rossters after arsenic has been vol-

RESTRICTED

)

atilized is sold to copper smelters for recovery of cop-
oer and other metals.

tume and Lust Control: The gsses, dust, and fume
from leed sintering machines and blast furnaces 2re cere-
fully controlled and retreated just zs at the copper
smelter. toods are pleced wherever fumes arise around
the blest furnace with pipes from all hoods leading to e
main flue and exhaust fen which connect in turn through
expension chembers andf/or cooling flues to 2 beg house
or Cottrell plant. Bag houses are much more common at
lead smelters then they are at copper smelters princi-
pally beczuse lead smelter smokes are jess acidic. |f

COOLING

- BAG HOUSE
FURNACE
BUILDING

DUST RELOVERY SYSTEM

the market and the composition of the ore warrant it,
sulphuric acid, ersenic, and cadmium plants may be.assoc-
iated with the "dust™ -ecovery system.

Summary: In summary it may be szid of the lead
blzst furnace that it is the objective point on which
turns the entire transportation system and flow sheet of
the smelter. Thereceiving and dispossl of raw materials
(fluxes, fuels, and ores) for the furnace, and the dis-
posal of its waste, intermediate, and primery products
form part of the general arrangement of the whole smelt-
ing plant, involving also the sampling and storing of
materials, the roasting and preparation of smelting
charges, and the disposition of power, water, and other
necessary factors.

SMELTING I¥ THE ORE HEARTH

The use of ore hearths is restricted to ores thst
have a Tead content of at least 659 thatarelow in silice
and that contain no silver. Since there are only a 1lim-
ited number of.,ore deposits with these characteristics
it is doubtful if Jeoenese smelters employ ore hearths

LEAD METALLURGY
SMELTING PROCESSES

in preference to blast furnaces. khere suitable ores
are sveilable ore hearths may be installed if coal is
scarce and labor cheap., Other advantages of this type
of furnece are that it's initial cost is less than that
of & blast furnsce and that the ore requires no roasting
or sintering prior to smelting.

An ore hearth is essentially & low fireplace sur-
rounded by three walls with one or more tuyeres at the
back through which e light blast of zir is forced. |In

the front there is a pot into which the molten lead is

rur. COver the hearth is iron hood, leeding into a

s
CHARGE

INTERIOR OF HEARTH FURMACE BUILDIKG

flue, through which 2 fan draws the fumes and gases ana
forces them into 2 baghouse, The hearth may be either
water or air-cooled.

The charge is 2 mixture of rich sulfide ore, coal or
coke, and usually some lime. Reduction of the ore is
accomplished not only by the reactions taking place be-
tween lead oxides, sulfides, and sulfates but also by
the reducing action of the fuel. The molten lead col-
lects in the bottom of the hearth and flows into the pot
in front of the furnace. The slag is rzked off period-
ically end since it contains 30 to 40% of lead it, to-
gether with the dust collected in the baghouses, is sent
ta blast furnaces for further smelting.

The molten lead sccumulated in the ore hearth pots
is collected and transferred toz drossine Kettle or smail
reverberatory furnace where the impuritic e skimmed off.
Following drossingthe lead iscast into . mmerciz!l shapes
and shipred to consumers or refineries, elthough ordin-
arily ore heerth lezd does nat require further refining
inzsmuch as it contains no silver.

Declassified and Approved For Release 2013/01/04 : CIA-RDP80-01333A000300090001-6



d and Approved For Release 2013/01/04 : CIA-RDP80-01333A000300090001-6

Declassifie

!

Q3 LOIy1s 3N

LEEN . |
INIHOVIA INIXOTHD HLIM QY31 ENIONIZ-3@

~uijs Yyoes adoyaq focd oy pamo| (2 Buteq pea| ayy ‘ouiz (ie
aacwod sEUlWWENS 834y} 40 CM] "4le jC UClsslupe 3d.y 2
Y3IM SSOUPOA G} PalEBay Si PEI| UI{OW SY} B4dYM 3d2UINY
£10)248949A04 2 U1 3[319) DUIZIJSA[ IS9P By} wouy und s)
peal suyy ‘uciiedade siyyl Ul Ti9ded U} 404 sadays 210
—4oww0d 03Ul Burised s}l 0} J0iad paACUdL 24 FShw yolys
Jurz jo sbejuaoduad [(BWS 2 ujeRucd ||Im ‘peAacwalr uddq
sey p|ob pue JaA|is |[® J9}48 P3| PIZIJOALISIE 3YL

TpEe|
ayy ajeulwl(d 03 9o2udny Burjadno e ul pajedsy JYany
sS4 yotysm p2a{ puz plof ‘4sAllS 40 sunixiu @ S| }d40}
~94 9y} ul Bululzws4 INpIS3L BUL 140 PI|LIISIPp SI dulz
9yl yolym Ul 92204n; 340}ass 2 cljut pabazuo puz jou [{13s
IYM en usyeae 242 OUlzZ pu2 ‘p2e| ‘PicE ‘aaAalls j0 £|
-aew] ¢ Bu1}sIsSuUCD ‘s3SNUD yola-asn|ls pu2 plob ayy

SLSNED ¥IATIS NV @108 340 SHIKWRINS
. A

ERTYEY s R
ONIZINIATISIC

a3ild>lygyls3ay

"paui2wod
oazy 1ublw yo1ym 4SALIS Aue 3D9||0D 0 ped| 3y} Uu3ALD
AiLensn a4z Bulwwyys puz Duldulz [eucljippe uz ‘usndacy
‘3U9584d 24 YDIyn JIA[IS Y] 40 ja2d 4912946 Byl u2y
£q U123UCD [[IM S}SNJD PUCDIS 953Y]  "SISRID Ydti-pjeb
2y} se Aem owes oyl Ul PoACWSJL 242 HUI{00D U0 wWio) UDIYM
S3SNAD 9y} pue ‘pappz s| oulz ‘urefz pejesy Mou sy p2dy
Sy} TIpef Pajdciadd 2 yjtm AQ[enusw 40 Jwwl %S | 2Dl
-ueyoaw o Ag pa3oa| |cd si 3sSn4D pieb-ouiz siy] "padeno|
A134b1 {s SI uOl[[Ng 9y} jC 24n1eI5CWA} AYY UBYM Isnud2se
a0ejans oy} 03} $9S14 YOlym pawJoy si Aejje plof-oulz v
‘p1eb Ul Ul M 2urqued 01 papp2 1 dulz ybnous 3snfl pu2
$9 (339 8y} 0}jul unas| adeudny Buludlycs Ay wody uci|ing
us}|of *ssoeoo4d ucsuljlad oy3z Ul pake|dud ssCY} U2y}
asGae| ybneyy|e ‘o3 L2lwis “s}OC 40 $913393 UO4l }se0
aba2] ul 3}n0 pataaed s| sssoo0ad Buiziasajlsep ayl

“pea| usjlow ul shojpie Jaalls
-ouiz puw pjob-oulz auy jo A3r[{1qnjosul dyy puz p23|
404 UBYY OUIZ 404 JOA[I1S puz plob jo.k3i1ulyye Jajeadb
9y} s2z| (110 ssadcud saf4ed 9yl 'SS20044¢ S23uDd

“JAA11S 40 AUSA0DS4 BY} 40} pelead} S| [e}aw uajlow
|2npisaa ay] sadeys [21049Ww0D CRUl }sed pue ‘payfsu
-94 ‘o|pe| pa1edcjasd @ Aq paAowals SI p2d} dUI|[e}shuD
oy} sbul|oed pue sbuijeay JO 48qUINU JUBIDI4INS B 4I}JY
*y3dap Ul "}4 £ pue 4938UBIP UL "3} § jnoqe abzadae Yoy
‘iaqunu uy ud3yxis o3 Jubia , ‘ssj}3en, 40 sicd uod)-3sed
40 31495 2 Ul paloONpued si ssadodd uosulljed dul

*JaA|lS UlelqO0 ©} pui||edno Aq pejesJ} JBUIANy Si
Jey] pEa| Yd1J-J4aA|lS JC junowe [[ews B snid peaj 3(qe
~jexdew p|oik UCI|| NG peualpes ayy 4o sucljezlf|e}shud
aA1§S200NG  *PIN[4 SUjeWd] YOIUm pE3| 9Y} 40 J3pulew
-84 ©Y} UBY} JBA{1S S$SO| UIBJUOGD WiCy YOlym sjeskdd
oy} ‘pol00d A|MO(S S| pEo| ua}|0W UdYM JBY} 304 BYY UC
pasec s1 $seo0dd uosulljed Syl "SS2004gd UOSUIITJ

*$35S$30040 OM}
959y} 40 SuOIjedljlpow Ag 40 $S3D040 UOSUILIR4 JC SIYIEG
3u} 4911 Aq paysi|dwodde aq Aau ‘pza| poUR}LCS BUR
WOA4 4BA|1S JO UCI}Ded}xd Y} 40 ‘U013271AdA|1SA]

VB PAR-EFRRREL

*$91339% 40 su2d BUIZIJU9A|1Sap Ay}
ojul aoeuany Buruazjes ayy weay Ap3o041p osdde} st Jce
splow Ojul }sed 49y}l s| pea| syj ‘buiusjjos JoRgy

°140 powwi)s Ajjeoiporiad pue paziplxo
24e §{e}oW J9Y)}0 Yy} 4O Japulewes oy} pue ‘Aucwijue ‘ury
"ile 8y} o} pesodxa A|saa) S| |eB}Ow 9y} pue pssesddul si
sanyjesadway) oyl ‘safieys vL_;a pue pucoss eyl bulung =039

ERISE {
SNZENSH g
et

- s3ovnEnd
- OMINIL40S

A¥INIZ3Y 40 ¥OIY3LNI
‘iojuesae ‘ang[ns ‘pesj ‘deddcd jo sanyxiw e jo Bullsis
-U0D ssoJp A3sed e Se 828 UNS 9yl 0} s$8S14 UDIYM Jaddeo
94} }JO }SOW S9AOWSL [BJOW UR}|[OW BY} O Buluwins [eiiul
9yl *pesdl}s [[oM pue umop paljew A|mc|s Kuaa eae Koy}
sdoym seoeudny Aic}esagsonsad paiadoel J13jem ojul pabieyo
Alleolueydoow ase sbid pesj syl “ucijezjlarjissp 0}
4014d paAcwsd og }ShW YOIym soljldndw| snoaswnu sulejuoc
L1135 ‘4s1(sws 8y} 3e Bulsscap Adeujw)|aad.e 0} peydal
~gns usaq Buiaey 493je ‘Aiautjou ayy jeibuialiie peal

ONINILIO0S

“M0[2q passnOsip S4e sucljedsde
p2312100sse 413y} pue $25s9004d Buiulysa 934yl 3y;

*uotje|(2dno Joubuiualos 49yl au saainbod Bululgaa 2134
-0u108|2 f,uc13e||Pand, Ag paMo|toy si puz ,buluaijes,
se umouy uojj2dade uz Aq papedaud s} S$9004d uesul}
-}Bd 4C sofded 9yl 49y}ia Ag ucijeziian|lsag pakco|dwa
Klaptsa jsow 8y} 42) Ag si pcyjaw sajaed ayy ‘ybnoyype
‘pasn aq Aew 9S8y} JO SuUC AUy "$$8004d 0134043090
$1199 9y} pue “ssedCud sajue4 @Y} ‘Ssad0Ud uesUlIled Ay}
ipea| Bulul4o4 JO SPOYIAW plepu2is 334y} dde syl

i *s}onpoad a|gz(es ojul ¢n
poy40M 2q OS (2 }SNU SIA|ISWIYF S3ltndwl vy *A3luno
JU9049d 6°66 USY} SSO] JOU JO P2d| PAUI LU 20} Ped| FUSD
-49d 86 01 G6 BulAi4ed UCI({NQE 4O UOI}243UBDUCD Juanbas
-uod 3y3 pue ‘"398 ‘any(ns ‘Aucwijue ‘d1UISJE ‘ylpusig
‘Ul ‘49dd0D $31314NGWI 9YJ 4O [2ACUEJ 9Y} ©S|2 Ing ‘p2e
wo4} S{e}aW sncioaid Joyjc pue ‘usAlls ‘pieb jo ucli2
-aedas ayj A|uo 30U jse} S} Jc)pse=y juR|c Bujupjed y

ONINIETY ava
$355300Ud ONINIFIY

ADANTIVIIW AVl

Declassified and Approved For Release 2013/01/04 : CIA-RDP80-01333A000300090001-6



—— e — T — T — " — " —

Declassified and Approved For Release 2013/01/04 : CIA-RDP80-01333A000300090001-6

RESTRICTED

FLLLING END CASTING MACHINE

ming. khite this is the method most commonliy employed
for zinc removeal, some plants pump the lead through a

"closed cylinder filled with chlorine and remove the zinc

in the form of zinc chloride. The purified lead is now
run into a "market" kettle where it is slightly cooled
before being poured into the moulds of a casting machine.
Upon cooling the refined leed is weighed, inspected, and
shipped to consumers.

CUPELLATIOM

Silver and gold, if present, are recovered from the
residus] molten metal left in the Pattinson process and
the skimmings produced by the Parkes process by a method
known as "cupellation.®

The purpose of cupellation is to oxidize the lead
and 211 other metals present with the exception of the
gold and silver. This is effected by heating the bullion

toebright red heat in & small reverberatory furnsce. A
CUPEL FURNACES

RESTRICTED

LEAD METALLURGY

REFINING PROCESSES

s e

ELECTROLYTIC CELL RoOM

blast of 2ir isplayed on the surface, mxmqum:m the lead
to Pb0 which floats as a liquid on the surface of the

molten gold and silver. kien all the leed and foreign
metals have been oxidized 2nd removed, the gold-silver
elloy is cast into anodes for subsequent electrolytic
rarting,

ELECTROLYTIC REFINING OF LEAD

A very pure metzllic lead is obtzined by refining
the bzse blest furnace bullion by means of the Betts
electrolytic process. The electrolysis is carried out
in hundreds of vats or cells which usually are construc-
ted of wood with an internel coating of asphalt. These
vets, approximetely 7 ft. long, 5 ft. wide and 4 ft. deep,
esch contzin 20 to 30 bese lead 2nodes and the same num-
ber of thin oure leed cethodes.

Base bullian.arriving from the smelter is melted and
cest intoone inch thick znodes, 3ft. in length and 7 ft.
in width. These ere placed in the vets and immersed in
the electrolyte, (2 solution of hydrofiuosilicic zcid
and lead fluasilicete). The applicetion of current dur-
ing electrolysis transfers the lead from the snodes to
the cathodes, leavirg the foreign metals clinging to the
anodes 2s & sludge which is periodicelly brushed off.
The sludge, conteining qgold, silver, copper, zrsenic and
entimony, is collected from the bottoms of the vats,
weshed, dried, melted, znd cast into bars which are sub-
sejuently perted with sulphuric acid.

lpon completion of the electrolysis practicelly a1l
of the lead is transferred fromthe znodes to the czthodes.
The pure lead cathodes zre withdrawn from the cells,

melted, and cast into the desired market shape.
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ing equipment and ore bins.

fote: Thisbuildinanotalways present. Roszsters
mey be included in sintering building or roest-
ing mey not be emoloyed.

Sintering Building

Fairly large building with gable roof - ane of
the nighest buildings &t the smelter.

Lerge flues carry gases to dust precicitating
units and thence to & tzll stack.

Larry cers take sintered ore to charge shed.

Building contents: Sintering mechines, suction
fens, ore bins znd sometimes roasters.

Charge Shed

Small structure - height and roof constructisn
varizble.

Correct propartions of sintered are, coke, caal
end fluxes are discharged from bins into the
blest furnace charge cers.

Tracks connecting charge shed and smelting build-
ing usuelly visible.

Building contents Cre bins and sometimes
crushers and screens.

Smelting Building (Blast Furhace)

Lergest end usuaily the highest structure zt the
smel ter.

deble roof building with shed extension.
tormelly U or 5 short stacks.

Large flues carry blest furnazce combustion gases
viz baghouse to tell stack.

Compressed zir pipe enters furnezce building from
power ar compressor plant.

Conspicuaous pcttern made by tracks leeding to
slag dump. ‘

Building contents: Blast furnaces and sometimes

® drossing furnzces and casting wheels.
L]

RESTRICTED

LEAD SMELTER -

smelting Building (Qre hearths)

Longer and narrower thep & blast furnzce smelt-
ing building.

Moderately high geble roof structure with contin-
uous monitor,

Lerge flue transports furnace geses from ...::E:S
through baghouse end then to stack.

Compressed zir pipe enters furnace building from
power Jr compressoar plant.

LEAD METALLURGY

DISTINGUISHING FEATURES OF SMELTERS AND REFINERIES

MURRAY, UTAH

Sleg is transported to small blest furnace build-
ing for further smelting before discarding.

Crude lead oroduced by the ore hearths is moved
to the drossing and casting building,

Mote: Jepanese probably do not use ore nearths
since their ores can be more efficiently smelted
inblest furneces. hereore hearthsare employed,

roasting and sintering are not required prior to
smelting.

3.07
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ings but cen be distinguished by the solution tanks
substetion, &and cesting house loczted near the
electrelytic celt building. Since smoke is not
cted in electrolytic refining, lerge flues, beghouses
ard stacks will not be in evidence.

’
large
cener-

there refineries exist es individuel znd not
es adjurcts ty smelters,
ities that are common to #11

houvces, offices,

clents

they require the normel fecil-
industriet nlents;
laborstories,

power

shops, chenge houses, etc.

237/ 0y 7

2
a XTI Z77IA K
T THIIARK S

T g

rere
/

Lo
! ”’UHH/!

KEY OF »AMTU SMELTER & REFILERY
Unloading & Coarse Storage Bins,
Plant Fine Crushed Storzge Bins.

. Oump. 4. Refinery

. Refined .Lead tcading Platform.

6. Superintendent's 0Ffice

. Sitver Room. 8. De-copperising Kettles.
9. Yuille Pltant., 10. Dust Chambsr.

11. Blast Furnace improving Furnaces.

12. Blast Furraces. 13. Blast Furrace 0¢fices.
14. Bedding Bins. 6. Sintering Plant

16. 3peiss Grinding & Mixing Plant,

Copper Ore Treatment flant

1. D.C.P.
Z. B.C.

Slag

17. t.
18. Smelter Sub-Station.

19. Smelter Mechanical Workshop & Store.

2%. Speiss dreazking & Storags Fluor.,

21. Smelter Flue. 22. 5mall 0i! S<torage Tanks.

23. targe Jil Stcrage Tanks.

2%. Steam Plant. 25. Beiler House.

26. Ass2y OFfice. 27. Open Coke Storage Flzor,

28, Central Time O0ffice.

29. Smelter Waeter Feservoir., 30. Brarch Asszay 2947z,

RESTRICTED

k

FERCULAKELN,

MO.

LEAD METALLURGY

DISTINGUISHING FEATURES OF SMELTERS AND REFINERIES

g H 3§ J »..T.. 2 b
: LEAD EMELTER & REFIFERY - NAMIU, BURMA,
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MIDVALE SMFLTER AND R

-AG DUMP.  BLAST FURNACE PLANT, | T - e e .
o j BAGHOUSE. 450 STACK. WEDGE ROASTER PLANT,  D.&L. SINTER PLANT,

!
i i
| i i ! !
! /
! ' h REFINERY POWER. HOUSE /
i ! /
i

]
i /
I ‘ '
i ! /
I

d
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RESTRICTED LEAD METALLURGY (STUDY PHOTOS)

1. CHARGE BINS

2. COPPER SULFATE PLANT
3. COAL 8INS

4. GILD & SILVER RECOVERY

.

5. COTTRELL TREATER

6. BAZHOUSE

7. SINTERING PLANT

3. SUSSTATION & BLOWER HCUSE
9. REFINERY
19, BLAST FURNACE BLD3.
I1. ASSAY OFFICE

12. SkEgp

. , . 13. ORE BINS

BUNKER HILL SMELTER - STEREQ AYD OBLIQUE YIEWS  KEY - LPPER RIGHT

[4. CRUSHER & SAMPLING BLD3S.
i5. OFFICE

18. FLUE SYSTEM
VULNERABILITY -

Since the mcthods snd eguioment involved in produc-
ing lead 2re similer to those involved in praducing
copper, the factors considered in determining the rele-
tive vulnerzbility of copper mines, mills, smelters, znd
refineries can be ejually as well applied to the corre-
sconding lead.facilities. ‘tere again from & theoreticel
stendpoint smelters znd refineries ere considered better
targets then rines or mills but in the particuler cose
of Jjapan where there is zn excess of lezd smelting end
refining cepacity #nd en ore shorteae this mey not rold,

Vith the present infarmetion it is net possinte ¢t
cscertcein vhether attacks directed acairst rires

R

wille vould heve & maore serious effect on mets) o
than etticks 2gainst swelters end refineries vvig-
2dy te due 3 en insufTicig~t ses

RESTRICTED
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RESTRICTED

INTRODUCTION

. The physical and chemical properties of zinc preclude
the utilization of the same metailurgical techniques and
equipment that are employed to extract copper and lead
from their ores. When smelted by pyrometalliurgical
means, the reduction of zinc are and the vaporization of
the resultant moiten metal are simultaneous. Consequently
the zinc furnace requires, in addition to the smelting
chamoer, a relatively cool axygen-free extension where
the vapors can condense and the metal accumulate. Two
pyrometallurgical methods have been developed, namely
the horizontal and vertical retort methods, whiéh to-
gether produce the bulk of the world's zinc. The
horizontal retort method is the oldest and most inef-
ficient of the smelting methods, and yet under certain
economic conditions it is the most satisfactory as evi-
denced by the fact that approximately 40% of Japan's
zinc is produced in this manner. Many advantages have
been incorporated in the recently perfected vertical
retort method, but at present, smelters of this type
account for only 10% of Japan's zinc.

A third extraction method, that of leaching and
electrolysis, is well developed both ir this country
and abroad. The m_mnwﬁo_<»mauuwommmm comes into favor-
able consideration when zinc of great purity is desired
and in areas where low cost hydroelectric power is
available and coal scarce. Japan, taking full advantage
of her hydroelectric power and at the same time attempt-
ing to satisfy ner needs for =mmrwn1ﬂam zinc, produces
50% of her zinc in electrolytic plants. A fourth type
of zinc works, producing not metal but metallic oxide,
is also found in Japan. Zinc oxide plants may exist
either as separate and independent plants or more
commonly as adjuncts to smelters,

0f significance to the photo interpreter is the
relation between the smelting and refining of zinc. Un-
like copper and lead, zinc does not require extensive
refining following smelting. Many zinc smelters possess
no refining equipment at all, since there are many in-
dustrial uses for crude zinc. When present, refineries
occupy but a small portion of the plant. Electrolytic
plants are frequently referred to as "refineries" but
strictly speaking they are not, since their raw material
is ore, not crude metal. The misrepresentation probably
arises from the fact that a very high grade zinc is pro-
duced by the electrolytic method.

The ensuing pages contain a discussion of the
different means of winning zinc from its ore, a des-
scription of the equipment, analyses of the vulnerability

RESTRICTED

of component parts of the plants, and a tabulation of
features that will aid the photo interpreter in identi-
fying the types of plants and the function of their

various buildings.

HORIZONTAL RETORT SMELTING PROCESS

In the horizontal retort method of zinc extraction
the concentrates are first roasted to drive off sulfur
and convert the zinc sulfide to zinc oxide. Many plants
sinter the roasted ore to further reduce the sulfur con-
tent, drive off impurities, and to produce a more easily
handled furnace charge. The oxidized zinc concentrates
are then mixed with fine coal and fed into a retort
furnace where the ore is reduced by the coal. The re-
sulting vaporized zinc is condensed to liquid form and
is subsequently drawn off and cast into commercial
shapes.

A more detailed description of the steps and equip-
ment involved follows: ’

ROASTING

Zinc ores and concentrates arriving at the smelter
are primarily sulphides. Since any zinc entering the
smelting furnace as a sulphide or sulphate will not be
MULTIPLE KEARTH RGASTERS
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RETGRTS

CONDEMSERS 1M DRYING ROOM

campaign.
(5) Remove the condensers, clean out the residue from
the retorts and start a new campaign,

REFINING

The metal obtained from the retort furnace contains
95 to 98.5 per cent zincy the impurities are chiefly
lead, iron, cadmium, copper, arsenic and antimony. Al-
though this rather impure material is used in certain
allays, low-grade obrasses and in galvanizing, it re-
juires refining for many other industrial uses.

Refining is commonly carried on in a reverberatory

RESTRICTED

type of liquating bath where the metal is melted and
kept at a temperature just above the melting point for
from 24 to 72 hours. ODuring this interval, oxides and
impurities rise to the surface as a dross which is
skimmed off and returned to the retorts. _Lead and a
zinc-iron alloy settle to the bottom of the furnace and
are removed vmwmoamwm_.<. The lead, containing some
zinc, is usually shipped to lead refineries.

A newer method of refining zinc by redistillation is
also in use. . The process, employing boilers and recti-
fying columns, consists of a fractional distillation of
the crude metal. Use is made of the difference in the
boiling points of the various metals to separate them.

Zinc of 99.99 per cent purity can be produced by this
method.

CASTING

The molten zinc drawn from the refining furnace, or
the retort furnace jf refining is not employed is col-

r

CONDENSERS}

ZINC METALLURGY

HORIZONTAL RETORT SMELTING PROCESS

CASTING CRUDE ZINC

. ....:.
1on_NozH»r,quow4 FURNACE IN OPERATION

s

s
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Ore conditioning building.
Gable roof building of moderate height with at least
one high vertical section to accommodate ore hoists.

Small stack alongside for expulsion of steam liberated
oy drying kilns.

Ore stockpiles or bins nearby.
Ore car tracks enter or come alongside building.

Conveyors or larry cars transport ore from this build-
ing to the roaster building.

Building contents:
and screens.

Ore bins, drying kilns, crushers,

Roaster w:&wa:mr
Very high building with gable roof.

Commonly continuous monitor on roof.

Roasted ore is moved by conveyors or larry cars to
sintering building.

Large flue leading from roasters to main stack or to
sulfuric acid plant if present.

Building contents: Roasters, ore hoisting egquipment,
and >ften Cottrell treaters.

Sintering building.
Narrow gable roof building of about the same height
as the roaster building.
Commonly cantinuous monitor on roof.

Near and sometimes adjoins roaster building.

Conveyors or larry cars take sintered ore to mixing
building.

Flue carries sintering machine gases to main stack or
to suifuric acid plant if present.

Building contents: Sintering machines, ore hoisting
equipment, crushers, and mixing machines.

Hote: Sintering buildings may not be present; some

plants only roast ore.

Mixing house.
Usually relatively small zable roof building.

Nearly square in plan.

At least one zlevated section of building to accommo-
date hoisting ejuipment.

RESTRICTED

ZINC METALLURGY

DISTINGUISHING FEATURES OF HORIZONTAL RETORT PLANTS

Ore cars take mixed charge to retort furnace building.

3uilding contents: Crushers, mixers, ore and coal
hoisting equipment, and ore bins.

Horizontal retort furnace building.
Commonly at least 4 of these buildings; all identical.

Relatively long buildings of moderate height and
width.

Gable roofs with continuous uncapped monitors.
Dense white smoke expelled through monitors.

Short stack at end of building emits furnace combus-
tion gases. ’

Slag cars take residue from furnaces to slag dump.

Building contents: Retort furnaces, casting equipment,
and moamwmamw\mmm producers,

Casting and Refining butlding
Relatively small gapnle roof building, low to moderate
in height.

Continuous monitor on roof.

One or twd short stacks.

o

DONGRA ZINC

Near furnace u:m_nm:uw with railroad track connections
to them.

Building contents:
ladles and molds.

Refining furnaces, melting pots,

Note: This building not always present; many plants

ship unrefined metal.

Cadmium hlant

Relatively small gable roof building of moderate
height.

Small stack to expel cadmium dust.

Usually located near roasters or near roaster dust
precipitating unit.

Building contents: Leaching tanks, briguetting
machinery, cadmium furnace, and casting equipment.

Gas Producer Building
High, narrow, gable roof building.

Usually has continuous monitor on roof.

Large gas mains leave the producer buildingandenter
retort furnace buildings and other points of gas con-
sumption. .

SMELTER
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SLAG DuMP
2. HORIZONTAL RETORT mczr>om BUILDING
3. POTTERY PLANT
4. LABORATCRY
5. CHANGE HOUSE
6. SINTERING 3UILDING
7. CADMIUM PLANT
8. ROASTER BUILDING
9. CRE DRYERS

12, QRE STORAGE

Fi. MAIN OFFICE
RESTRICTED

ZINC METALLURGY (STUDY PHOTOS)
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HENRYETTA ZINC SMELTER - STEREC ARD CBLIQUE VIEMS

ZINC STORAGE

HORIZONTAL RETORT FURNACE BUILDINGS
POTTERY PLANT

STORAGE

CHARGE MIXING BUILDING
ROASTER BUILDING

ORE STORAIE

COTTRELL DUST PRECIPITATOR
WAELZ ZING OXIDE PLANT

ZINC OXIDE COOLING FLUES
ZING OXIDE COLLECTION HOUSE

MAIN GFFICE
STRICTED

AL

The

ZINC META
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VERTICAL RETORT SMELTING PROCESS

The recently developed vertical retort praocess was
advanced to overcome many of the shortcomings of the
horizontal retort process. |ts advantages over the
older horizontal retort process, include: {a) improved
recovery of zinc; (o) a product of greater purity than
had theretofore been ootainable from ordinary ores by
pyrometallurgical methods; (c) lower costs of production;
(d) reduction »f labor and improved working conditions.
These advantages were obtained by utilizing large
vertical retorts instead of the small capacity horizontal
retorts and by replacing the intermittent or "batch"
operations with a mechanizad continuaus process.

GENERAL DESCRIPTION OF PROCESS

Roasting of the zinc sulfide ores is carried out in
a similar manner and with the same equipment that is
used in the horizontal retort method. Following roasting
the ore is mixed with fine coal and pressed into bri-
quets which are subseguently hardened by coking. The
hot coked briquets are charged into the vertical retort
where the reduction takes place with the production of
zinc vapor. The retort gases, consisting principally
of zinc vapor and carbon monoxide, are conducted up-
wards through the retort, then tnrough the vertical ex-
tension of the retort, and finally into a condenser.
At appropriate intervals the condensed metal is tapped
off and either sent t> refineries or cast into slabs.

A more detailed descriotion of the process and
equipment follows:

MIXING AND BRIQUETTING,

Efficient operation of the vertical retort requires

INTERIOR OF MIXIN5 BUILDI'G

_ v

RESTRICTED

an agglomerated charge with sufficient voids between
the individual agglomerates or briguets to facilitate
the passage of gases and vapors up through the retort
charge and into the condenser. It is also necessary
that these brijuets be bonded with a material that will
hald them together during the entire smelting period
since fines would plug up the interstices of the charge.

The calcined ore t> be treated is first mixed with
caraonaceous reducing material usually consisting of
fine coking coal and anthracite. To this mixture are

added an aporopriate amount of ~ater and a binder such
as suldnite waste liguor, tar, pitch, or molassss, This
is then densified and pressed into origuets
which ~ill ne fed into the coking furnaces.

material

BRIQUETTING THE CHARSE

SOKIMNG

The orimary nurpasz of coking is to harden the ori-
quets sufficiently to maintain their shape and parosity
througnout the reduction campaign. This is achieved by
sending the brijuets through a chamber which is heated
to 800% C. At the discharge end of the coking chamber,
the driguets are received by buckets which hoist ther
to the charging hoppers of the vertical retorts.

REQUCTION

Tne vertical retort furnace, in which the reduction
of the ore takes place, is merely a refractory orick
chamber, 25 feet high, €& feet long and | foot wide, en-
cased oy a firebox. Heat generated by natural or pro-
ducer gas in the firebox is transmitted through the walls
of the retort to the charge. Aoove the heated portion
of the retort is an extension which is kept filled with
fresh oriquets about to undergo reduction. Similarly
the retort has a laver extension ints which the spent

ZINC METALLURGY
VERTICAL RETORT SMELTING PROCESS
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briquets droo after reduction.

As the charge slowly descends through the hot re-
tort, metallic zinc is oroduced oy the reactions taking
place oetween the ore and the coal. The heat required
for the reduction is of such magnitude that the zinc is
vaporized. Sas or air introduced at the base of the
ratort carries this metallic vapor plus the ljperated
caroon monoxide up through the retort and into a con-
denser where the metal is collected.
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the vertical retort furnace building is unlike horizon-
tal retort furnace buildings in appearance it is similar
in that it also emits the characteristic dense white
smoke.

Another point of distinction between the two types
of zinc smelters is the absence of a pottery plant
which usually forms a conspicuous part of horizontal
retort plants.

Vertical retort plants tend to.exemplify the princi-
ples of rational arrangement which are suggested by the
technical reguirements of the process and economy of
operation. Thus the sequence of operations (crushing,
roasting, charge mixing, and finally reduction of the
ore} is usually reflected in the arrangment of the
buildings comprising the plant.

DISTINGUISHING FEATURES OF INDIVIDUAL STRUCTURES

Listed below are the component units of a vertical
retort plant and the characteristics that are typical
of them.

Ore storage building.
Gable roof building of moderate height.
Ore stock piles nearby.
Ore car tracks enter or come alongside building.
Conveyors or larry cars transport ore from this build-
ing to the roaster building.
Building contents: OQre bins, crushers and screens.

Roaster building.
Very high building with gable roof.
Commonly continuous monitor on roof.
Roaster ore is carried by conveyors or larry cars to
sintering building or to mixing building it sintering
not carried on.
Large flue leading from roasters to main stack or to
sulfuric acid plant if present.
Building contents: Roasters, ore hoisting equipment,
and often Cottrell treaters,

Sintering building.

Narrow gable roof building of about the same height as

the roaster building.

Commonly continuous monitor on roof.

Near and sometimes adjoins roaster building.

Conveyors or larry cars take sintered ore to mixing

building.

Flue carries sintering machine gases to main stack or

to sulfuric acid plant if present.

Building contents: Sintering machines, ore hoisting

equipment, crushers, and mixing machines.

Note: Sintering may not be employed at all plants;
some plants only roast ore.

RESTRICTED

STEREC VIEW OF VERTICAL RETORT ZI

ZINC METALLURGY
DISTINGUISHING FEATURES OF VERTICAL RETORT PLANTS

-y Py

NC SMELTER ~ MAP BELOW

l.  POTTERY PLANT

2. HORIZONTAL RETORT FURNACE BUILDINGS
3. GAS PRODUCERS

4. CHARGE MIXING FOR VERTICAL RETORTS
5. REFINERY

6. VERTICAL RETORT FURNACE BUILDING

7. ORE STORAGE
8. CHARGE MIXING FOR HORIZONTAL RETORTS

Note: This plant uses a special oxide ore

which does nol require roasting or

sintering.

Mixing house.
One of the largest plant buildings in floor area.
Gable roof building of moderate height.
Nearly square in plan
Ore cars or conveyors take mixed charge to retort
furnace building.
Building contents: Crushers, mixers, binder tanks,
ore and coal hoisting equipment.

Vertical retort furnace building.
Very high, narrow, gable roof building.
Must be at least 60' high to accommodate retorts.
Continuous monitor on roof.
Two or more stacks which emit dense white smoke.
Building contents: Vertical retorts, brigquetting
machines, coking furnaces, casting equipment, and
sometimes gas producers.

Casting and Refining building.
Moderately high pitched roof building.
Usually built as a small addition to the retort furn-
ace building.
Numerous small stacks on roof.

Building contents: Fractionidistillation and con-
densation columns, melting pots, and casting equip-
ment.
Note: This building not always present: some plants

ship unrefined metal.

(as Producer building.,

High, narrow, gable roof building.

Usually has monitor on roof.

Large gas mains leave the producer building and enter

retort building and other points of gas consumption.

Commonly some steam expelled by gas producers.

Coal pile usually nearby. ‘

Building contents: Coal bins, hoisting equipment,

and gas producers.

Note: f%as producer building not always present; gas
producer may be located in retort building or
natural gas may be used.

duxiliary Buildings.
Auxiliary buildings include offices, shovos, change

hovses, substations, leborztories and sometimes
2 cedmium plant.
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ELECTROLYTIC PROCESS

In this process, the zinc content of the roasted ore
is "leached” out with dilute sulphuric acid. The zinc-
oearing solution is then fiitered and purified and the
zinc recovered from the salution by electrolysis. The
current passing through the electrolytic cell deposits
the metallic zinc on the cathodes or negative poles,
from which it is stripped at regular intervals, melted,
and cast intp slaps. ]

A more detailed description of the steps and equip-
ment involved is given below.

ROASTING

The concentrated ares are raasted. to drijve off
sulfur, converting the zinc sulphide to zinc oxide.
This operation and the machinery employed.has been fully
described in treating the horizontal retort process.

LEACH NG

The object of leaching is to take the zinc cantent
of the ore into solution. This is effected Dy mixing
the roasted ore with tha spent solution returning from
electrolytic cells. The sulfuric acid strength of this
returning solution varies from 10 to 23 per cent depend-
ing on the process employed. After thorough agitation

-essentially all of the zinc oxide is dissolved by the

acid resulting inanearly neutral zinc sulfate salution.
This reactionmay be represented by the chemical equation,
In 0 + mmwo$ = In wo+ + Hyl.

TOP OF LEACHING TANKS

RESTRICTED

The leaching operation is carried on in Pachuca
tanks or similar equipment. Pachuca tanks are wood
stave cylinders, 0 to 20' in diameter and 10' to 25' in
height, ltined with sheet lead and acid proof brick.
Agitation_is supplied by means of mechanically rotated
wooden paddles or by a stream of compressed air.

THICKENING AND FILTERING

The leached mixture is now run into large settling
tanks, called "thickeners", where the solids drop to the
bottom leaving a relatively clean zinc sulfate solution.
The mud removed from the bottom of the thickeners, is
freed from its associated liquid by filtering in pres-

INTERIOR OF THICKENENG AND FILTERING ROOM

sure or vacuum type drum filters. After filtering the
solids are given a second leaching in Pachuca tanks to
remove any remaining soluble zinc and are then dried
and shipped to lead smelters where they are treated for
the recovery of lead, silver and gold.

PURIFICATION

The zinc sulphate solution coming fromthe thickeners
and filters contains, in addition to the dissolved zinc,
a numoer >f impurities, chief among them being cadmium,
copper, cobalt, antimony and arsenic.

In the purifying tanks, the solution is heated up
to about 30 degrees C by steam coils and just enough
zinc dust is thrown in to bring down the copper. In
arder to affect a more complete and soeedy precipitation
2f impuritiessagitation is supplied oy agitators re-
sambling those used in the leaching step. This charge
is then filtered through Shriver filter presses or
similar eguipment and the filtrate is again treated with

zinc dust to remove rema

ing impurities. Filtering and

ZINC METALLURGY

ELECTROLYTIC PROCESS
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ourification continues until analysis shows the solution
to be of sufficient purity to enter the electrolytic
cells.

The residue from the purification contains 29552~
and cadmium in commercial quantities and is usually sent
to copper and cadmium recovery plants. " In general the
cadmium plant duplicates in miniature the purifizat:se
and electrolytic equipment of the zinc plant.
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JISTINGUISHING FEATURES oOF INDIVIDUAL STRUCTURES.

Since in this pnrocess large valumes of solution are
handled, the plant is so arranged that the ore enters the
olant at its highest elevation and the subsequent opera-
tions are carrijed on at successively lower elevations
with the finished metal emerging at the plants lowest
elevation. Thus the relative elevation of the various
buildings is a key to their identification.

Listed below are the buildings comprising an
electrolytic plant and the ﬂmmn:ﬂmwﬁrm»amwﬁm:m:mm: them.

Ore storage building.

3able roof building of moderate height

Ore stockpiles nearby.
Ore cars enter 3r come alongside this building.

Conveyors or larry cars transport ore from this build-
ing to the roaster building.

Building contents: Ore bins, crushers, and screens.

Note: At some plants the ore is stored and crushed in
the roaster building.

[

oaster building.

Very high building with gable roof.

Commonly continuous monitor on roof

Roasted ore is moved by conveyors or larry cars to
to leaching building or to sintering ouilding if
present.

Large flue leading from roasters to main stack or to
sulfuric acid plant if .present.

Building contents: Roasters, ore hoisting equipment,
and often ore bins and crushers.

Leaching and Purification building.

Large stepped raof building located pelow roasting or
sintering building,

Building of moderate height.

Leaching equipment in upper section;
equipment in lower section.

purification

Commonly several small stacks protrude from leaching
section.

Large pipes carry the zinc p-egnant solution from this
puilding to the electralytic cell building or to
alectrolyle tanks.

RESTRICTED

1

Gt

Building contents: Leaching tanks, thickeners,
filters, purification tanks, pumps, and ore handling
equipment,

ZINC METALLJRGY
DISTNGUISHING FEATURES OF ELECTROLYTIC *LANTS

vestdue treatment build:
Usuaily adjsins the lowsr sids of i»
purificaticn buitding,

<,
W
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9.
10.
11-
12.
13.
4.
15.
16.
17.
18.
19.
20.
21.

Water Tanks

Assay O0ffice § Laboratory
Boiter House

Compressor House

Roaster Section

Thaw House

Fuel Qit

Leaching Section

Fittering & Purifying Sect

Residue Section ﬁwﬁ
Machine Shop Q™

Casting Room -
Etectrolytic Cell Room
Substation

Cottrelt Dust Preciplitator
Dust Flue .

Cadmium Plant
Change House
Reservoir
office
Settling Pond
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ANACONDA COPPER SMELTER AMD ELE

CONCENTRATORS

POWER HOUSE

TAILINGS STORASE

ROASTER BUILDINGS

BY-PRODUCT PLANTS - PHOSPHATES

DORR THICKENER PLANT

FLOTATION PLANT

SUBSTATION

DUST FLUE

COTTRELL DUST PRECIPITATOR
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ZINC METALLU
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CTROLYTIC ZINC PLANT - STEREOQ AND OBLIQUE VIEWS

LABORATORY

ZINC PURIFICATION BUILDING

ZINC LEACHING BUILDING

ZINC ORE STORAGE

POWER HOUSE

SUBSTATION

ELECTROLYTIC CELL R0OM

ZINC CASTING R00M

ROASTER BUILDING

RGY (STUDY PHOTOS)
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ZINC METALLURGY

ZINC OXIDE PROCESSES

veical ZINC OXIDE PLANT (AMERICAN PROCESS)
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ZINC OXIDE

Zinc Oxide is a white, snowy, metallic pigment, in
all appearances resembling household white flour. It is
formed by vaporizing zinc, either directly from the ore
or "indirectly® from slab zinc and aliowing this vapor
to come in contact with an oxidizing atmosphere. The
vaporous zinc burns in air with an intense flame, pro-
ducing zinc oxide. In commercial plants, the zinc
oxide laden air is drawn through cooling flues and the
pigment is caught in the meshes of muslin or woolen
bags. The manufacture of zinc oxide directly from the
ore is known as the "American Process" and the manu-
facture of zinc oxide from slab zinc is known as the
"French Process.™ Both processes are described below.

AMERICAN PROCESS

Sulphide ores arriving at the plant must first be
roasted prior to charging into the furnace; oxide ores,
on the other hand, are mixed with coal and fed directly
into the furnace.

There are several types of manually operated furnaces
differing slightly in construction details. One common
type 45' long, |6' wide, and 7' high is built of fire-

brick and masonry strengthened by steel rods. The
charge is dropped through openings in the roof onto a
fire grate which is covered with burning coal. The
zinc vapor produced by the heat and reducing action of
the burning coal combines with air in the upper part of
the furnace and burns to zinc oxide. At the termination
2f the reduction period the residue is raked off the
grate and discarded.

A newer continuous mechanical furnace is also being
used in some plants. This furnace employs an endless

RESTRICTED

traveling grate which carries the charge through a com-
pustion chamber where the ore is reduced and the re-
sultant zinc vaporized and oxidized. The residue passes
off at the tail end of the grate into cars which carry
it to the slag dumo.

—

—-mamrm

EXTERIOR OF BAGHOUSE

Electrically driven fans draw the zinc oxide and
combustion gases fromthe furnaces and force them through
a system of large sheet-iron cooling flues into a bag-
house. The main flues entering the baghouse are tapped
by numerous feeder flues which transport the oxide
pearing gases to vertically hung muslin or woolen bags.
The bags, which may be as large as 30" in diameter and
45' long, filter the gas, leaving a coating of zinc
oxide adhering to the cloth. Periodically the bags are
shaken, the oxide dropping into hoppers at the base of
the pags. The oxide collected in the hoppers is sent to

ZINC METALLURGY
ZINC OXIDE PROCESSES

the packing huuse where it is sampled, graded and mixed
with other batches to make a standard product. Bolting
machines, similar to flour bolting machines, pick out
any pieces of foreign matter such as bits of metal, bag
strings, etc. The finished product is now umnxmnoahcw
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STEREG VIEW OF WEST

horizontal retort plant section.

Furnace building.
Long narrow building, low to moderate in height.

Gable roof with continuous monitor.

Readily identified by the many flues leaving the
building.

Narrow gage track connections to slag dump.

Building contents: MNumerous oxide furnaces, charging
and slag removal machines.

Fan house.
Small low puilding with gable roof.

Readily identified by convergence of flues from poth
furnace building and baghouses.

0ften cyclone dust precipitators nearby,

Building contents: Electric motors and blowers.

Baghouses. .

High relatively wide gable roof buildings.
Continuous monitors on roofs.

These buildings are the terminus of the flues.
Frequently roofs are stained with white zinc oxide.

Larry cars carry the oxide from baghouses to the

RESTRICTED

POWER PLANT
ORE & COAL BINS
FURNACE BUILDING
FAN HOUSES

MAIN OFFICE

BAG HOUSES

ZINC OXIDE PACKING
SHOPS

ZINC OXIDE STORASE

Note: This plant
uses a spacial ox-
ide ore which does
not require roast-

ing or sintering.

5

PALMERTON

ZINC METALLURGY

DISTINGUISHING FEATURES OF ZINC OXIDE PLANTS
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Zinc oxide is alsp produced by passing the ore
through a Waeltz kiln and collecting the oxide thus
formed in either baghouses or Cottrell precipitators.
The kilns can be easily recognized by their form if they
are not enclosed. The flues carrying the oxide from
the kilns can be traced through the blower house into
the baghouses or Cottrell treaters.

VULNERABILITY

Zinc smelting facilities are generally considered
better targets than mining and milling installations
because of the following conditions: (I) the limited
number of metallurgical plants upon which the enemy must
rely for his zinc supply, (2) the complexity of some of
the smelting and refining equipment and the difficulty
of readily reolacing it, (3) the short time lag between
the production of refined metal and its use in alloys,
galvanizing, rolled zinc, etc., and (4) the lack of
dispersion of the various buildings comprising the
plants. However, in the particular case of Japan where
there is an acute ore shortage and an excess smelting
capacity, the destruction of mines and mills may have
the more serious effect on metal output.

Metallurgical plants are generally considered poor
incendiary targets since most of the buildings handle
incandescent matter and obviously are constructed of
non-compustible materials. There are some structures
and materials that will support fires such as office
ouildings, change houses, some shops, and oil and coal
stores, but the vital smelting and refining operations
are much more susceptible to damage by high explosive
than by incendiary bombs.

In comparing the overall vulnerability of the
various types of zinc and zinc oxide plants it is noted
that the degree of vulnerability of the plant depends to
a large extent on the particular process employed. For
instance, vertical retort plants are much more highly
mechanized than horizontal retort works and therefore
can be more easily and seriously damaged. Xlthough
electrolytic zinc plants use a mechanized process,
knocking out a few units will merely curtail output in-
stead of completely halting production because these
plants are characterized by a large number of identical
units working in parallel. Similarly the effectiveness
of damage done to zinc oxide plants will be limited,
unless all of the mazhines doing a particular operation
are destroyed.

VULNERABILITY GF {NDIVIDUAL UNITS

In determining the vulnerability of the individual
units comprising the metallurgical facilities the follow-
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ing factors are taken intoconsideration: (1) The degree
of dependence of plant production on the particular
operation under scrutiny; (2) The equipment used, its
construction, and availability; (3) The length of time
necessary to repair or rebuild the damaged machinery
and; (4) the combustibility of building, equipment, and
stored materials. These four factors are the basis for
arranging the componen{ parts of the various plants in
the order shown below. The most vital units are listed

first.

ZINC METALLURGY
VULNERABILITY OF ZINC METALLURGICAL FACILITIES

priving the smelter new condensers and retorts would
cause the cessation of all zinc production.

The clay mixing apparatus, hoisting machinery, and
drying kilns are standard equipment but the mechanical
pressas are specially designaed and could not be easily
replaced. This ejuipment is usually housed in a build-
ing which has orick or concrete bearina walls with a
steel -truss roof covered by wood sheeting and roofing
paper

HORIZONTAL RETORT
PLANT

Power Supply

Pottery Plant

Gas Producer Building
(if present)

Roaster Building

Horizontal Retort
Building

Refining and Casting
Building

By~-Products Plants

VERTICAL RETORT
PLART

Power Supply

Mixing Building

3as Producer Building
(if present)

Vertical Retort
Building

Roaster Building

Refining & Casting
Building

By-Products Plants

ELECTROLYTIC ZIXC OXIDE
PLANT PLANT

Power Supply
Blower Building
Roaster Building
Furnace Building
Baghouses
By-Products Plants

Power Supply
Roaster Building
Electrolytic Cell
Building
Leaching and Pur-
ification Bldg.

Casting Building
By-products Plants

A brief discussion of the target value of each of
these individual units follows.

Power Suphly - As nearly all operations, particularly
grinding, crushing, mixing, and ore conveying systems
are mechanized with electric motors it is possible to
stop all production by damaging or destroying either the
primary power plant, which may be some distance from the
zinc works, or the substation which is always a part of
the metallurgical plant, Interruption of the power
would be particularly effective in halting an electroly-
tic plant where zinc production is directly dependent
upon a continuous supply of electricity.

Power plant boilers, turbines, and generators are
expensive equipment and provbaoly would be difficult to
readily replace if destroyed. This also applies to sub-
station equipment which includes transformers, mercury
arc rectifiers, rotary converters, and control panels.

Direct hits would probably be required to destroy
power plants or substations since they are generally
constructed of reinforced concrete or other sturdy non-
combustible materials.

Pottery Plant.

The clay candensers and retorts used in a horizontal
retort plant must be continually reolaced since their
average lives are only 7 and 35 days respectively. De-~

Gas Producer Building.

In areas where natural gas is not available, the
gas necessary to fire the ore drying kilns, retort
furnaces, and refining furnaces is manufactured from
coal. Usually, 4 or more gas producers are set up in
parallel and consequently it would be necessary to knock
out all producers to halt all zinc smelting. This
stoppage would probably be one of short duratidn because
gas producers are standard equipment in all industrial
areas and replacements could be readily found.

Buildings housing gas producers are generally con-
structed of non-combustiole materials atthough coal
stored in and near the structures could be idanited.

Roaster Butlding.

The number of roasters at different plants varies
from 2 to 14 depending on the type of roasting kilns and
plant size. |If all roasters were put cut of operation,
production of zinc would stop since it is impossible to
smelt or leach unroasted sulfide ores,

The vertical alignment of roasting kilns must be
carefully kept. A blast of sufficient force to tilt the
roaster would cause the rabble arms to damage the hearths
and tear the firebrick lining from the kiln. Consider-
able time would be required to repajr this damage.

Roasting is hardly ever carried on in wooden build-
inas but almost alweys in structures of brick or sheet
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SULFURIC ACID

MANUFACTURING PROCESSES

MANUFACTURING PROCESSES ORE BINS DUST DRYING
_ * _ _ PRECIPITATOR TOWER
A brief description of sulfuric acid manufacturing NN
processes is considered necessary in view of the fact ) A

that & great many zinc plants, and to 2 lesser extent
coorer and lead plants, produce sulfuric acid from the
waste gases expelled by roasters, sintering mach ines, ROASTER
and blzst furnaces. These gases are othervise worth-
less, and in many places are a source of great expense
to the metallurgical plants owing to damzge suits by

e

BLOWER COKE FILTERS

those whose crops or trees are injured. Thus, not ROASTED ORE COOLER

only is the sulfur dioxide nuisance avoided by con~ TO SMELTER -

verting the gases to sulfuric acid, but additional

profits are realized by the smelters. (=== s === s e e ===

BARREN GAS
TO ATMOSPHERE

*

Sulfuric acid is made by mixing sulfur dioxide and
water inthe presence of & catalyst (the Contact process) AGID === s0, ass
or in the presence of oxides of nitrogen (the Chamber
process.) Thethree principal sources of sulfur dioxide,
in order of importance, are: (1) svifur, (2) iron
‘pyrites, (3) smelter gases. This discussion deals only
with sulfuriczcidplants treating smelter gases although

==c== $03 GAS
== SULFURIG ACID
acid plants fed by sulfur or iron pyrites are essentially —— HEAT ABSORPTION

. . TOWER = —
the same in construction and appearance. EXCHANGER @I
GOOLING TANK STORAGE TANK BT

Smelter gases mey be handled. by either a "Contact” ﬂ_lO,o?m w_VD_%WDZ m:_mﬂcﬂmz.w%__.c (98.5%)
or @ "Chamber" plant deoending on the local and economic

conditions. The chief advantage of the "Contact™ pro- SULFURIC ACID _Urpzn_.

cess is that acid of any desired strength may be pro- } ) (CONTACT PROCESS)
duced, while acid of not greater then 77% (60° Baume) - -

can be made by the "Chamber™ process. The operatioan

CIRCULATING LEGEND

(e===——————

end equipment of both types of plants are described SULPHIDE ORE OR BARREN _GAS
CONGENTRATE BINS J . TO ATMOSPHERE
below. '
precSST on - STEAM _OR WATER SPRAY
i ¥ ﬁ H H
Ooru_.>0._. PLART u.ﬁ.sx.v [ 107 Ay RRAA
bl e\ | s
GAS & DUST #uls “\\\\\\\\\.&w A 70057
. . . 7, ) 7, %) v v
Three steps zre involved in the production of sul- n#m«mm 7 0 | | chibens ““\\\\\\\\o:\
A . . EX X 7 PRIV 471, 274
furic acid by the contact process:  (I) cleaning and ins w\@&t\\\\ \\u\\\\ mmnm\\\\«
P RS . [# ANzl 7 2
purifying the sulfur dioxide bearing smelter gzses, S \Cprrns| S Ao v N A
(2) converting the sulfur dioxide to sulfur trioxide, DUST RETURNED , - I‘|I|L‘|J¢
(3) absorption of sulfur triokide with the formation of 7O RoAsTER cooLmG m
TANK
98.5Y% sulfuric acid. = 50° BAUME f
SULFURIC AGID TANK :
Step z - The hot, dust laden gas drawn off the roasters, e

LEGEND
sintering machines, or blast furnaces is cooled So SMELTER ——tr i AR —
by pessing through heat exchangers or water 60° BAUME m
cooled pipes prior todust removal in a Cottrell SUFURC ACID TANK mw_%_.ﬁmxmma
electrostatic precipitator. Moisture is removed - . FLOW DIAGRAM
from the gas by sending it through acid proof OF TYPICAL

brick-1ined stée) ﬁwzmwm fed with concentrated MC_I_HC—N_O DO__U PLANT ]

sulfuric acid which iswater absorbent. Follow-

ing moisture removal, the gas is picked up by . . ) AOID-SWND PROCESS) .
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machines is first forced through dust-catchers, usually
Cottrell electrostatic precipitators, and then passes up
through the Glover tower where it picks up oxides of
nitrogen® znd some stezm. From the Glover tower the
ges stream is carried to the lead chambers, where it is
mixed with water spray resulting in the formation of
sulfuric acid. The barren gas leaving the chambers,
before being expelled to the atmosphere, is sent to a
Gay-lussac tower where the oxides of nitrogen are recov-
ered for re-use in the Glover tower.

The acid produced in the lead chambers is relatively
weak and consequently must be partially concentrated.
To accomplish this, the acid is pumped to the top of
the 3lover tower where the hot incoming mom gzs evapor-
ates some of the.water in the acid as it trickles through
the packing of the tower. The 60° Baume acid leaving
the tower flows into cooling tanks before being trans-
ferred to the finished product storage tanks.

*NOTE: The orides of nitrogen have a function nat un-
like thet of a cetalyst inr that they aid the
reaction without being consumed themselves.
Periodically the supply of these oxides must be
reolenished since some escezpe with the barren
gas leaving the 3ey-Lussac tower.

_u_m._,_zmc_mI_Im FEATURES

Sulfuric acid nlents, when present at smelters, are
usually located edjacent to ‘the roasting and sintering
buildings and alweys connected to them by large flues.
Storage tanks, commonly 5 or £ in number, are always
required and their rresence constitutes a valuable re-
cognition feature of acid plants. Tank cars or tank
barges at a smelter provide additional evidence of the
existence of a sulfuric acid plant.

In most cases the special features of the two types
of acid plants make it possible to determine from aer-
ial photogrephs which process is being employed. The
cheracteristics of the comsonent parts of the two plants
e2re treated below,

CONTACT PLANT

In general a contact acid plant gives 2 "cluttered
up” appearance due to the many cooling towers, heat
exchangers, scrubbing towers, filtering equioment, con-
verters, absorbing towers; storage tanks, and inter-
connecting pipelines. Sometimes pert of this apparatus
will be housed, in which case the ges purification equin-

RESTRICTED
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DISTINGUISHING FEATURES OF SULFURIC ACID PLANTS=YULNERABILITY
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INTRODUCTION

The ultimate uses of copper, lead, and zinc in the
finished products of commerce are extremely varijed -
especially so pecause final products are derived from
ooth metals and compounds of the elements. In the
world markets of 1938 copper, lead, and zinc (as measured
by weight) ranked tops respectively in the sale of
orincipal non-ferrous metals; aluminum ranked fourth.
It is likely that the tremendous increase of aluminum
production for the manufacture of war time aircraft has
altered this non-ferrous metals relationship today, but
production of copper, lead, and zinc is vital to war
needs too and has accordingly increased greatly.

It is not possible to describe all of the commercijal
uses of these metals in this short section, nor is it
wise since the photo intefpreter is interested only in
manufacturing processes that take place inplants identi-
fiable from the air. For these reasons only important
war time uses are considered here.

SUMMARY OF USES

Copper: The important uses of copper are as wire
and cable, as sheeting and stripping, as tubing, and as
a pbase for alloys like orass and bronze. It has been
estimated that Japanese stock piles of copper are
currently being divided:

59% for ammunition

20% for electric. power transmission, communications,
etc.

19% for marine uses
10% for air and land transport, and
19% for other industrial uses.

Lead: Lead is used commercially (t) in the form of
the metal, (2) as an alloy with other metals, and (3)
in various chemical compounds. In the form of the metal
its chief uses are as pipe for conveying water and
corrosive solutions, as covering for electric cables,
and as sheets for lining the acid chambers and vats of
chemical industries. Lead alloys include type metal,
shot, solder, and casting metals: while lead compounds
consist of white Tead, red lead, litharge, and litho-
pone. in Japan war time uses of lead are estimated
approximately as follows;

30% for lead pipes and cable,

30% for bullets and other military uses,

25% for battery plates,

15% for type-metal, solder, alloys, and sundry uses.

‘Zinc: Zinc is used to supplement copper in brass,
to add protective (galvanized) surfaces to products

RESTRICTED
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fabricated from other metals, to make die castings, to
mix in paint etc. as.pigment, to aid in the desilver-
ization of lead, and to serve a number of special needs
in the form of rolled strip zinc. In peacetime over
42% of the zinc produced is used for galvanizing, with
prass, die castings, and - rolled zinc following in
respective order of importance. In war time, however,
Zinc used in brass production takes precedence over
everything else. This fact is strikingly illustrated oy
the following estimate of present day Japanese zinc
allocations:

70% for cartridge brass

15% for mw_<m=m~mmm:mm~m'ummzﬁm.m_mnﬁwwnm_muumqm»cf
aircraft, alloys, castings, brass pipes, tubes, and
parts.

13% for rolled sheets, screens, wire, chemical uses
etc.

2% for civilian needs.

PLANTS USED FOR COMMERCIAL PRODUCTION

The buildings and equipment used to manyfacture
commercial copper goods are ordinarily organized in
plant units that produce wire and cable, sheets and
strips, tubing, alloys, or finished products. Compared
with basic smeiting and refining units these plants are
for the most part bath small and numerous.

The buildings and equipment used to manufacture
commercial lead and zinc goods may take the form of
small separate complexes, but more often they are ar-
ranged in units attached to other types of plants. Thus
processes like galvanizing are usually carried on at
the plant site where the material to pe galvanized is
manufactured - and the manufacture of products like
white lead and rolled zinc is carried on in small units
built as additions to lead and zinc refineries.

The important manufacturing operations to pe under-
stood in connection with the production of finished
goods from copper, Tead, zinc, and their alloys are
therefore wire and cable fzbrication, tube manufacturing
sheet and strip rolling. These operations are carried
on in a number of different types of plants, each with
its own special characteristics znd each developed to
meet the varied demands of its individual owner.

3ecause wire, w:mmﬁ, and tuve mills are so differ-
ently laid out and so differently associated with other
types of operations, it is impossible to prepare any
valid listing of distinguishing features that will al-
ways be applicable for use in identification. Neverthe-

SUMMARY OF USES

less, the photo interpreter may derive some valye from.

a brief consideration of wire and cable, tubing and
sheet ‘mills in terms of oauildings, equioment, and
processes usad at each. .

denerally sheet, tuve, and wire mills buildings are
standard industrial structures built either with saw
toothed roofs or with gable roofs topped by monitor
Vights. The equipment contained within each type varies
from heavy machinery to light and is serviced by over-
heaa cranes set in the wider bays of main byildings.
Drawing and finishing machinery installed in wire and
cable ouildings tends to be considerably lighter than
the rolling mills and extruders of sheet and tube
plants. This together with the fact that inflammable
stores (cotton, rubver, lacquer, etc.) for finishing
operations are usually present at wire mills makes this
type of plant more vulnerable to damage than sheet or
‘tube mills.

It should be noted that although copper and brass
rolling mills operate on the same printiple as steel
rolling mills, they use lighter equioment and pracess
smaller shapes. A more apt comparison can be made
between copper and brass, and aluminum and magnes i um
mills,

The principal buildings and processing stages used
in the manufacture of wire and cable, tubing, sheets,
and brass are listed on the following pages:
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RESTRICTED

SEQUENCE OF OPERATIONS

pointed and stretched to re-
quired length by drawing
through dies an a number of
draw benches.

(5) Between draws, tubes cut
to length and washed in di-
lute acid pickling tanks.

(6) After drawings, tudes
tempered in an annealing
furnace; then tested straight-
ened, packed, ard shipped.

(1} Raw materials received in
form of refined copper wire
bars (for wire drawing) -
lead pigs, cotton bales,
ruober, lacquer, atc. (for
finishingy and stored as noted
in column three.

(2) Wire bars are heated in
orick furnaces and then
rolled white hot into rods oy
successive passes through
three sets of rolling mills
(rough, intermediate, and
Finishing) . Rods wound on
machines into coils and then
washed in dilute acid
pickling tanks.

(3) Coiled rods are drawn on
machines through successive
dies in successive operations
until diameters are reduced
to required wire sizes.

(4) Drawn wire is then passed
through an annealing furnace
to impart softness and plia-
pility.

(5) Hhen annealed, some wires
go tocable stranding machines
where they are braided into
cable.

(8) Annealed wire and caole

RESTRICTED

TUBE MILLS’
TYPE OF REILDIMG
GEVERALLY USED

WIRE MILLS

Steps 2 - 5 usually carried
on in large wide bayed and
well lighted rectangular
buildings.

dire and cavle finishing

COMMERCIAL USES OF COPPER, LEAD, AND ZINC

RCMARKS

dire bars uysuvally stored in
open - finishing materials in
separate storage building or
on special floors of finishing

-and insulating buildings.

TUBE MILLS —— WIRE MILLS
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RESTRICTED

I. STORAGE OF FIXISHING MATERIALS
2. FINISKING MACHIFES

22, WAX PLANT

2b.  FUEL TAMKS

3. CABLE REEL STORASE

G ASPHALT PLANT

5. ADMII'ISTRATION BUILDI*G
5. FINISHING - RUBBER WIRE
6. WIRE AKD CABLE MILL

7. WIRE FI¥ISKING

8. POWER PLANT

9. MACHINE SHOP

10. ROD ROLLIKG MILL

il. CARPENTER SHOP

12. WIRE BAR STORASE

12. SHIPPIKG AFD RECEIVING BUILDING

1% PRIMARY PROCESSING UFITS (ROD RGLLING, WIRE DRAW-

ING, CABLE STRAKDING, ETC.)

15.  FINISEING BLDGS. APD MANUFACTURING OF PARTS
ELECTRICAL APPLIANCES
RESTRICTED

1

ASTI®

]

N

L IRE AFD CABLE

COMMERCIAL USES

¥

1]

™y —

BAYWAY WIRE AND CABLE MILL

T TR

<ozxmmm£_wm»xun>mrmz_rr

ok VS AEEE

OF COPPER, LEAD, AND ZINC (STUDY PHOTOS)
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